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PREFACE 


The  basic  conceptions  of  this  work  are :  That  matter 
is  composed  of  two  units  quantitatively  equal  but 
qualitatively  opposed ;  that  these  are  found  in  their 
simplicity  in  electric  potentials;  and  that  the  one  unit 
partakes  of  the  character  of  a  positive  electric  potential, 
and  the  other  of  a  negative  electric  potential.  From 
these  conceptions  follows  the  formularization  of  the 
hj-^potheses  that :  Etlur  is  the  simplest  form  of  matter; 
and  Electricity  is  its  Chemistry. 

The  author  to  the  best  of  his  ability  has  kept  to  the 
text — wherever  the  hypotheses  have  led  he  has  followed 
— giving  due  weight  to  all  facts,  but  not  hesitating  to 
brush  aside  accepted  theories,  or  correct  accepted  laws, 
when  these  have  barred  the  way.  In  a  generalization 
all  facts  must  be  explained,  A  single  contradictory 
fact  destroys  an  hypothesis,  no  matter  how  many  sup- 
port it.  This  axiom  has  been  constantly  borne  in 
mind,  and  by  it  the  merit  of  the  work  is  measurable. 
The  author  has  an  abiding  faith  in  the  correctness  of 
his  hypotheses,  but  is  aware  that  in  many  details  his 
reasoning  maj^  be  defective.  The  manner  of  arriving 
at  certain  conclusions  may  be  considered  arbitrary; 
but  a  theory  that  aims  at  a  generalization,  and  meets 
no  contradictory  facts,  should  be  the  arbiter  by  deduc- 
tion in  the  solution  of  some  problems.  For  six  years 
the  author  has  taught  his  medical  classes  that  elec- 
tricity is  the  chemistry  of  ether.  To  his  students  this 
postulate  is  as   familiar  as  the  atomic  theory.     This 
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work  therefore  is  presented  after  mature  consideration 
of  the  principles  embodied. 

The  author  believes  that  the  numerous  facts  adduced 
are  evidences  of  the  law  of  attraction  and  repulsion  as 
formulated.  He  particularly  invites  attention  to  the 
addenda  in  which  various  facts  and  phenomena  are  ex- 
plained by,  and  hence,  converse!}',  support  the  correct- 
ness of  the  formularization.  Hitherto  it  has  been  a 
scientific  dogma  that  a  molecule  could  never  be  seen, 
and  it  is  almost  iconoclastic  to  announce  that  certain 
molecules  can  be  perceived  and  measured  by  means  of 
the  microscope;  but  the  study  of  the  definition  of  a 
molecule,  and  of  the  relative  facts  noted,  particularly 
those  connected  with  division  of  the  centrosome,  is 
convincive  of  the  truth  of  the  announcement. 

The  reader  will  bear  in  mind  that  conclusions  arrived 
at  are  deductions  based  upou  the  fundamental  hypoth- 
eses (which  he  is  asked  to  accept  provisionally),  and 
upon  established  facts;  also,  that  this  work  being  a 
treatise  generalizing  fundamental  principles,  each  suc- 
cessive part  of  it  rests  on  the  preceding.  The  author 
is  fully  aware  that  many  accepted  theories  contradict 
his  hypotheses,  and  his  conclusions.  Critically  it  may 
be  said  that  this  work  is  merely  theoretical  and  unsup- 
ported by  laboratory  evidence.  On  the  contrary,  the 
author  has  not  consciously  failed  to  examine  any  fact 
the  consideration  of  which  might  modify  deductions, 
but  often  he  has  formulated  conceptions  without" at  the 
time  being  acquainted  with  relative  facts.  A  notable 
instance  of  a  concept  formulated  by  deduction  is  as  fol- 
lows: In  the  earlier  consideration  of  this  subject  it 
was  concluded  that  the  anisotropic  substance  must  be  a 
molecule  w^ith  an  induced  field,  and  its  area  was  defined 
as  extending  to  the  middle  of  each  adjoining  isotropic 
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substance.     Later  physiologic  works  have  defined  the 
sarcomere,  with  such  boundaries. 

The  author  embraces  this  opportunity  to  thank  Dr. 
Samuel  O.  L.  Potter  for  courtesies  which  led  to  a 
special  study  of  the  subject-matter  of  this  work.  He 
expresses  his  appreciation  for  assistance  given  by  Dr. 
E.  M.  Paterson  in  reviewing  manuscripts  and  discuss- 
ing principles.  He  is  indebted  to  Dr.  Frederick  W. 
Lux  for  courtesies  leading  to  valuable  hints  in  prepar- 
ing the  text;  and  to  Dr.  George  P.  Wiatermute  for 
execution  of  an  original  drawing,  and  for  assistance  in 
proofreading. 

It  is  a  pleasure  to  refer  to  the  following  works  which 
the  author  has  used  as  text-books  in  his  lectures,  from 
which  he  has  gleaned  facts  noted  in  this  volume;  or 
from  which  he  has  received  contributions  toward  illus- 
trating his  concepts :  "  Practical  Electricity  in  Medi- 
cine and  Surgery,"  Liebig  and  Rohe ;  "  Medical  and 
Surgical  Electricity,"  Rockwell;  "An  International 
System  of  Electro-Therapeutics,"  Bigelow-Massey ; 
"Conservative  G3'uecology  and  Electro-Therapeutics," 
Massey ;  "The  Treatment  of  Disease  by  Electric  Cur- 
rents," S.  H.  Monell;  "Physiology  of  Man,"  Flint; 
'"The  Anatomy  of  the  Central  Nervous  System,"  Gor- 
dinier;  "The  American  Text-Book  of  Physiology"; 
'*The  Nervous  System,"  Barker;  '*  Manual  of  Physiol- 
ogy," Stewart;"  Humau  Histology,"  Sobotta,  edited  by 
G.  Carl  Huber;  "  Histology  Normal  and  Morbid,"  Dun- 
ham ;  "  Elementary  Lessons  in  Electricity  and  Magnet- 
ism," Sylvanus  Thompson;  "Normal  Hystology," 
Piersol. 


San  Francisco,  January  ist,  1904. 


EMENDATIONES. 

Page  32,  line  7,  read:  The  components  of  E,  or 
those  of  F  being 

Page  76,  line  i,  after  "  intrinsically  "  place  a  : 

Page  218,  line  15,  read  :     attraction  or  repulsion. 

Page  363,  line  3,  read :     material  for  "  materials." 

Fig.  88,  page  257,  in  caption  substitute  Propagation 
for  "  Polarization." 

Page  600,  lines  7  and  9,  transpose  "a"  and  "/3,"  and 
after  the  paragraph  read  :  A  stream  of  negative  mat- 
ter positively  electrified  (negative  chips  of  oxygen  as 
anode  rays)  may  emanate  from  the  positive  pole  of  the 
radio-active  substance,  and  may  constitute  rays  "o.'' 
(§136,  §144,  Fig.  60,  Fig.  65).  Evidently  the  end-pro- 
ducts are :  Metal-chips  from  cathode ;  negative  oxygen 
chips  from  anode;  residual  oxygen  particles  (positive?); 
ether  as  light  waves;  these  modified  by  chemical  re- 
actions. 
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INTRODUCTORY  SUMMARY 

I.  The  conception  that  all  facts,  whether  electric, 
chemic,  physical,  physiologic,  or  pathologic  in  character^ 
are  based  upon  the  same  fundamental  principles  and  are 
therefore  related,  leads  to  the  formulation  of  the  fol- 
lowing propositions  as  a  statement  of  factors  of  differen- 
tiation in  forms  of  matter  or  forms  of  force,  as  manifested 
in  natural  phenomena : 

1.  That  ether  is  the  simplest  form  of  matter;  that  it 
is  molecular,  and  that  it  has  a  chemistry  (Fig.  i,  a). 

2.  That  electricity  is  the  chemistry  of  ether — that 
dissociation  and  association  of  ether  atoms  or  units 
constitute  electricity  in  the  broadest  sense  of  the  term 
(Fig.  i,b). 

3.  That  the  ether-unit  or  atom  termed  positive  rep- 
resents a  unit  of  matter  characterized  by  inherent 
attraction,  and  the  ether-unit  termed  negative  repre- 
sents a  unit  of  matter  characterized  by  inherent 
repulsion ;  that  these  are  the  units  of  all  matter  and 
all  force;  that  their  differential  characters  are  best 
studied  under  the  simplicity  of  electric  potentials ;  and 
that  ether-units   or  atoms   are   definite,  and  may  be 
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defined  as  the  ultimate  quautities  of  matter  or  force 
which  no  other  force  can  split  up — specific  quautities 
of  opposite  qualit}'  essential  to  equilibrium. 

4.  That  as  all  forces  are  reducible  to  the  ultimate 
principles  of  attraction  and  repulsion,  they  are  subject 
to  the  following  fundameutal  law:  Units  of  attraction 
(positivities)  mutually  attract ;  units  of  repulsion  (^neg- 
ativities) mutually  repel ;  and  units  of  attraction  and 
units  of  repulsion  are  attracted,  mutually  neutralized, 
and  in  maximum  contact  are  at  zero  potential. 

5.  That  the  law  of  forces  may  be  generalized,  from 
Newton's  law  of  gravitation,  as  follows :  Any  two 
quantities  of  matter,  with  constant  media,  attract  or 
repel  each  other,  with  a  force  which  varies  inversely  as 
the  square  of  the  distance  (§  101,  §  30). 

6.  That  as  the  ether  molecule  consists  of  a  positive 
and  a  negative  unit  neutralized  by  maximum  contact 
(Fig.  I,  a),  the  factor  of  distance  is  reduced  to  its  min- 
imum as  regards  the  application  of  the  law  of  forces ; 
on  the  other  hand,  in  a  more  complex  molecule,  as 
shown  by  the  property  of  polar  differentiation,  owing 
to  relative  placement  each  unit  is  not  in  maximum 
contact  with  its  opposite;  hence  the  im molecular  dis- 
tances between  neutralizing  forces  are  greater  than  in 
the  ether  molecule  and  allow  exmolecular  forces  to 
take  possession,  and  hence  the  ponderable  molecule 
(§30),  (Fig.  i,c,  G,  H,  i).  This  is  equivalent  to  the 
conception  that  constituent  aggregations  of  matter  or 
of  force,  of  the  same  quality,  are  larger  in  the  ponder- 
able than  in  the  ether  molecules. 

7.  That  units  of  attraction  are  manifested  as  con- 
centrativeness,  and  units  of  repulsion  as  diffusibility  | 
that  matter  and  force  in  relation  to  space  are  in 
equilibrium,  which  is  maintained  by  the  formation  of 
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ponderable  molecules  with  differential  qualitative  and 
quantitative  potentials  and  corresponding  induced  fields 
(Fig,  I,  E,  h),  and  by  ether  molecules  of  definite 
dimensions,  without  potentials  and  without  induced 
fields;  and  that  as  a  concomitant  to  the  equilibrium 
all  space  is  occupied. 

8.  That  the  great  principle  of  induction  universally 
accompanies  primary  potentials  whether  electric  or 
molecular;  that  it  is  essential  to  the  equilibrium  or 
neutralization  of  forces;  that  as  primary  forces  mutually 
react  inversely  proportional  to  the  square  of  distance, 
so  induction  increases  as  the  reaction  between  primary 
forces  decreases;  that  it  varies  inversely  as  the  dielec- 
tric constants  of  media ;  that  it  is  reactive  on  the 
primary  potentials;  and  is  subject  to  the  law  of  forces 

(§  19'  §  65). 

9.  That  matter  and  force  are  impenetrable  ;  more- 
over, induced  force  is  impenetrable.  Hence  the  law 
"that  units  of  attraction  mutually  attract"  is  modified 
by  the  property  of  impenetrability  of  positively  induced 
fields  to  like  forces  (§  23). 

10.  That  all  forces  are  neutralized,  and  that  the 
factor  of  distance  is  the  essentiality  of  potential.  The 
forces  of  an  ether  molecule  are  neutralized  immolec- 
ularly  through  its  units  being  in  maximum  contact; 
those  of  a  ponderable  molecule:  (i)  immolecularly,  (2) 
by  the  potentials  of  other  molecules  or  masses,  (3)  by 
the  creation  of  induced  potentials  (§  26). 

11.  That  electric  potential  and  chemic  potential  are 
fundamentally  identical,  being  based  on  inductively 
free  ether-units  or  atoms  ;  differentiating  in  as  much  as 
in  the  former  the  ether-units  are  completely  free,*  and 

•The  lerm  free  is  used  to  designate  units  not  neutralized  within  the 
potential-location  and  which  constitute  inductive  potential.    The  inductive 
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in  the  latter  are  constituents  of,  and  are  partly  neutral- 
ized within,  the  chemic  atom  (Fig.  i,  b,  c). 

12.  It  follows  that  there  is  an  analogy  between 
electric  manifestations  and  molecular  conditions,  and 
that  a  study  of  the  one  will  enable  us  to  define  the 
other  (Fig.  i,  d,  e).  Consequently  the  following  defi- 
nition of  a  ponderable  molecule  must  be  accepted  :  That 
it  is  the  ponderable  physical  unit;  that  its  ultimate 
constituent  units  are  identical  with  ether  atoms;  that 
it  has  a  potential  of  extrinsically  neutralized  units  of 
positive  or  negative  quality;  that  this  potential  is  rep- 
resented in  an  induced  polarized  field  surrounding  the 
molecular  body,  and  therefore  inay  be  termed  the 
indtutive  potential;  that  this  tridimensional  induced 
field  is  the  free  or  vibratory  molecular  space;  and  that 
there  are  no  free  spaces  within  the  molecule,  the  units 
being  in  direct  contact  and  more  or  less  immolecularly 
neutralized  (Fig.  i,  c,  e),  (§  26). 

13.  That  chemic  atoms  are  groups  of  ether-units, 
that  they  associate  and  dissociate  in  obedience  to 
their  quantitatively  and  qualitatively  differentiated  po- 
tentials represented  b^'  the  extrinsic  neutralization  of 
their  units ;  that  within  the  molecule  they  are  more 
or  less  neutralized  through  direct  contact  with  other 
chemic  units,  and  they  therefore  have  no  free  sur- 
rounding spaces,  and  consequently  lose  their  identity 
in  the  molecular  construction  (§  r8,  §  26.) 

14.  That  atomic  and  molecular  states  are  mutually 
transformable  :  At  a  specific  decrement  of  pressure  an 
atom  dissociates  and  assumes  the  molecular  condi- 
tion ;  and  at  a  specific  increase  of  pressure  a  molecule 

poteotial  of  a  molecale  is  the  namber  of  units  not  nentralized  within  the 
molecule,  and  is  the  difference  between  the  sum  of  its  positive  and  the 
sum  of  its  negative  units  ;  and  the  inductive  potential  of  «n  electric  charge 
is  the  number  of  units  not  neutralized  within  itself,  and  is  the  total  charge. 
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1  unite  with  another  molecule,  although  qualitatively 
the  same  in  potential,  the  constituents  of  the  nascent 

■  molecule  having  a  common  induced  field  (§  34) ;  that 
dissociation  is  progressive  until  ultimate  ponderable 
molecules  are  reached  (§  143,  §  iS),  and  in  general  is 
according  to  a  fixed  law  :  The  dimensions  of  molecules 
decrease  and  their  potentials  and  induced  areas  increase 
in  inverse  proportion  to  pressure  and  in  direct  propor- 
tion to  temperature. 

15.  That  the  dimensions  of  molecules  decrease  and 
their  potentials  and  induced  fields  increase  inversely  as 
the  sum  of  their  constituent  negative  units  and  directly 
as  the  sum  of  their  positive  units.  This  law  is  evi- 
denced by  the  relative  sizes  of  molecules  in  a  vacuum 
tube,  and  by  the  relative  sizes  of  the  molecules  of  oxy- 
gen and  hydrogen,  but  it  may  be  modified  by  conditions 
belonging  to  the  solid  and  liquid  states  (§  29J. 

16.  That  magnetism  is  polarization  of  a  molecular 
potential  depending  on  the  relative  placement  of  ulti- 
mate constituent  units.  It  is  the  connecting  link 
between  electric  potential  and  the  differentiated  poten- 
tials  of  molecules,  and  shows   ther  ultimate  identity 

P  17.  That  the  transformation  from  chemic  force  to 
electricity,  heat,  or  light,  is  accomplished  through  the 
setting  free  of  ether  from  the  induced  fields  of  pon- 
derable molecules,  concurrent  with  the  reciprocal  re- 
arrangement and  further  imniolccular  neutralization  of 

■  their  ^toms  (§  41,  §  42) ;  that  the  transformation  from 
electricity  to  heat  and  light  is  b}'  atomic  ether  becom- 
ing molecular  ;  that  heat  and  light  are  a  disturbance  of 
the  equilibrium  between  ether  and  other  matter  caused 
by  freed  or  nascent  molecular  ether,  and  manifested  by 
waves  of  readjustment  (§  103,  §  126). 
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i8.  That  crystallization  is  the  great  physical  ana- 
logue of  physiologic  action  (Fig,  i,  G,  l),  having  th€ 
following  factors:  Molecular  polarization;  equipoten- 
tial  hemispheres  of  the  molecule  when  polarized  ;  asso- 
ciation of  other  molecules  in  order  that  the  hemispheres 
should  be  equipotential — absorbing  water  of  crystalliza- 
ion ;  and  the  dissociation  of  these  additional  molecules 
^ — dehydration — on  molecular  depolarization  (§  148). 

19.  That  the  physiologic  unit  is  molecular  in  charac- 
_ter,  having  an  inductive  potential  of  negative  quality, 
id  surrounded  by  a  tri-dimensional  induced  field  in 
which  are  polarized  ponderable  molecules  (Fig.  i,  h); 
that  it  has  the  property-  of  differeutiating  its  poles — 

'polarization — (Fig.  1,1)  and  associating  molecules  in 

^ferder  that  its  hemispheres  be  equipotential  and  dis- 

^■ociating  these  molecules  on  depolarization  (§  159). 

^'  20.  That  physiologic  phenomena  are  based  upon  the 
fundamental  principles  of  attraction  and  repulsion,  and 
that  they  are  manifested  through  the  secondary  prin- 
ciples of  moiecular  potentials^  molecular  induced  fields^ 
and  molecular  polarization  (§  154). 

'         21.  That  the  molecular  conception  of  the  physiologic, 
unit  leads  us  to  formulate  the  following  law:   That  the' 
physiologic  unit  at  rest  is  in  the  electric  state,  with  a 
uniform  induced  polarized  field  (Fig.  i.H);  and  that 
in  action  it  is  in  the  magnetic  state,  with  differentiated 

^poles  and  differentiated  induced  polar  fields  (Fig.  i,  i). 

J^  22.  That  the  potentials  of  molecules  must  be  estimated 
on  the  basis  of  constituent  ether-units,  and  not  on  that 
of  chemic  atoms.  Thus,  water,  having  16  parts  of 
negative  oxygen  and  2  parts  of  positive  hydrogen,  is 
apparently  electronegative,  but  a  qualitative  estimation 
of  ether-nnits  in  the  atoms  of  oxygen  and  hydrogen 
shows  water  to  be  electropositive,  and  this  accords  with 
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the  pliysical  character  of  water  and  its  behavior  under 
electric  currents  {§  60,  §  36). 

23.  That  waves  of  contractility  or  conductivity  are 
propagated  by  the  induced  polar  field  of  one  physiologic 
unit  stimulating  the  succeeding;  that  as  the  leading- 
ofF  point  of  each  wave  is  negative,  there  is  a  positive 
stimulus  within  the  structure  to  each  unit,  excepting 
the  initiatory  ;  and  hence  natural  initiatory  stimuli  are 
positive  (§  174,  §  234),  or  neutral. 

24.  That  inhibition  is  accomplished  by  an  efferent 
impulse  through  an  afferent  nerve — a  reverse  polariza- 
tion which  partially  or  wholly  takes  possession  of  the 
initiatory  field,  thus  delaying  or  preventing  the  afferent 
impulse ;  and  that  reversed  polarization  may  be  caused 
by  negative  stimuli  (§  264). 

25.  That  at  the  moment  of  depolarization  there  are 
dissociated  at  the  poles  of  the  physiologic  unit  an 
extreme  positive  and  an  extreme  negative  atom — ions — 
the  courses  of  which  differ;  and  that  the  dissociation 
constitutes  the  waste  of  the  unit  (Fig.  i,  k),  (§  160). 

26.  That  ions  are  dissociated  coustituents  {chemic 
atoms)  of  a  molecule,  which  have  assumed  the  molec- 
ular condition  with  subnormal  dimensions  and  super- 
normal potentials,  measured  by  the  standard  of  the 
environment  (§  54,  §  160). 

27.  That  the  nutritive  elements  of  the  physiologic 
unit  must  be  identical  with  its  waste  elements,  although 
differing  in  potential ;  and  that  the  unit  receives  molec- 
ular nutrition  qualitatively  the  same  in  potential  as  its 
own,  and  hence  the  union  must  be  accomplished  by 
extrinsic  pressure.  Hence  the  formula :  The  unit 
during  rest  associates  molecules  as  nutrition,  and  dur- 
ing action  dissociates  them  as  ions  (§160 — 163). 

28.  That  fundamentally  physiological  units  are  iden- 
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tical,  only  quantatively  differing  in  potential ;  and  that 
functional  differentiation  is  accomplished  by  the  differ- 
entiation of  environment. 

29.  That  poienlial-carriers  are  classified  thus:  (i) 
Molecules  which  under  specific  pressure  and  tempera- 
ture have  their  dimensions  increased  by  the  addition  of 
other  molecules  or  ions  of  the  same  quality,  the  added 
elements  being  unloaded  under  different  conditions ; 
(2)  molecules  of  high  potential  attracting  other  mole- 
cules of  opposite  quality  to  their  induced  fields  without 
chemic  reaction  until  changed  conditions  favor  com- 
bustion (§  159). 

30.  That  ions  produced  by  gland-cell  action  are  im- 
pressed into  blood  elements,  and  build  up  the  latter  in 
potential,  which  htcomt^  potential  carriers,  returning  to 
the  circulation  through  lymph  channels  (as  in  the 
thj'roid),  or  forming  the  principal  constituents  of  an 
internal  secretion  (enzymes,  etc.)  <§  203 — 216). 

31.  That  electropositive  blood-elements  of  high  po- 
tential, as  potential-carriers,  during  respiration  absorb 
oxygen  into  their  induced  fields,  and  that  under  specific 
degrees  of  temperature  and  pressure  combustion  takes 
place  between  the  potential-carriers  and  the  oxygen 
(§  159).      Hence  the  nutrition  of  tissues. 

32.  That  the  principle  of  insulation  obtains  in  physi- 
ology as  in  electricity  and  is  based  on  the  specific 
dielectric  qualities  of  media  (§  179)- 

33.  That  osmosis  is  qualitatively  differentiated  by 
the  polarity  of  tissues,  especially  of  the  glands,  thus 
determining  the  character  of  secretions,  etc.  (§  225). 

34.  That  a  classification  of  cells  may  be  made  on 
the  basis  of  their  nutrition  :  ( i )  The  nutritive  elements 
may  be  similar  to  the  constituents  of  the  cell  giving  it 
the  power  of  reproducing  itself;  (§243);  (2)  they  may 
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be  more  positive  than  the  constituents,  with  the  result 
of  reproducing  a  more  positive  cell-unit  (§  233);  (3) 
they  may  represent  a  limited  number  of  the  cell-con- 
stituents, negative  as  a  molecular  group,  with  non- 
interference with  the  basic  portion  of  the  unit,  whilst 
they  associate  as  nutrition  and  dissociate  as  waste 
(§  160) ;  (4)  the  associating  elements  may  be  ions  pro- 
duced by  the  action  of  other  cells,  no  immediate  dissoci- 
ation taking  place  (^  230). 

35.  That  the  following  factors  qualify  cell  nutrition : 
(i)  The  starting  point  and  destination  of  osmosis — 
from  blood  or  lymphatic  vessels  to  lymphatics,  tubules, 
cavities,  or  surfaces;  (2)  the  differential  polarit}'  of 
surrounding  cells  or  structures  qualifying  osmosis; 
(3)  ions  produced  by  adjoining  cells  acting  directly  on 
the  cell  or  on  the  osmotic  stream ;  (4)  degrees  of  pres- 
sure and  temperature. 

36.  That  any  physiologic  cell  b}-  change  in  the 
character  of  nutrition  may  become  pathologic,  with  or 
without  reproductive  properties  (§  240,  §  301). 

37.  That  there  is  a  vibratory  balance  of  molecules 
having  the  following  factors :  Molecular  weight ;  in- 
ductive potential ;  free  space  or  vibratory  field ;  pressure 
and  temperature.  That  vibratory  interception  or  orig- 
ination in  any  molecule  has  specific  limits  of  frequencies 
which  are  modified  by  variatiou  in  any  of  the  above 
factors  (§269 — 2S8). 

In  Fig.  I  the  symbols  -t  and  —  represent  units  of 
matter  and  units  of  force,  quautitatively  equal  but  qual- 
itatively opposed  ;  a,  represents  a  molecule  of  ether,  in 
which  the  units  are  immolecularlif  neutralized,  hence 
it  is  potentially  at  zero ;  b,  the  positive  and  negative 
nnits  separated,  and  the  signs  respectively  represent 
positive  and  negative  electrifications;  c,  c',  positive  and 
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negative  primary  molecules  of  ponderable  matter,  each 
being  equal  in  potential  to  a  free  unit  of  ether,  or  an 
ultimate  unit  of  electricity — ^in  the  vacuum  tube  similar 
molecules  have  been  demonstrated  to  be  carriers  ^of 
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Fig.  I. 
Potential  Differentiations. 


electricity,  and  to  be  one  thousandth  the  mass  of  the 
hydrogen  atom ;  d',  d,  difiFerentially  electrified  bodies 
with  uniform  induced  fields,  the  induction  being  demon- 
strable by  placing  a  conductor  within  the  field ;  E,  e\ 
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molecules  of  ponderable  matter,  surrounded  by  tri- 
dimensional induced  fields  or  free  vibratory  spaces ;  F, 
magnets  witli  differential  polar  induced  fields,  also 
demonstrable ;  g,  molecules  of  a  magnet  u-ith  differen- 
tiated polar  induced  fields  ;  H,  the  physiologic  unit  at 
rest,  potentially  of  negative  quality,  and  surrounded 
by  a  uniform  induced  field ;  i,  the  physiologic  unit 
polarized  or  in  action,  with  differentiated  poles  and 
differentiated  induced  fields — they  are  in  a  state  of 
tetany,  coagulation,  crystallization,  etc, ;  K,  a  physio- 
logic molecule  depolarizing,  with  p  and  n  representing 
ions  dissociated  at  their  respective  poles.  Specifically, 
the  p  represents  hydrogen  and  carbon,,  and  n  represents 
oxygen,  respectively  the  most  positive  and  negative 
chemic  constituents  of  the  physiologic  molecule,  c 
and  c'  are  representative  of  tiltimate  ponderable  mole- 
cules, or  the  ultimate  tenuous  condition  or  limit  of 
dissociation  of  ponderable  matter;  whilst  h  is  repre- 
sentative of  extreme  association  of  ultimate  units  iu 
the  construction  of  the  molecule.  The  s3'mbols,  -r  and 
— ,  represent  ether-units,  but  in  the  induced  fields  of 
electrically  charged  bodies,  and  in  those  of  physiologic 
units,  they,  in  addition,  represent  polarized  ponderable 
matter.  The  components  of  the  figure  may  be  classi- 
fied as  representations  of  rest  (electric  state),  and 
action  (magnetic  state) — pax  et  strenuitas. 


PART  I 

ELECTRO-CHEMISTRY  AND 
ELECTRO-PHYSICS 


CHAPTER  I 

Fundamental  Principles 

2.  Electricity,  Chemistry,  Physics,  and  Physiology 
present  numerous  problems  which  must  be  solved  by  the 
formularization  of  laws  fundamental  to  all.  The  gen- 
eralization must  embrace  all  facts.  Principles  which 
are  ultimate  must  be  component  units  of  all  laws,  and 
a  law  that  has  exceptions  to  its  applications  cannot  be 
fundamental.  A  hypothesis  must  lead  to  the  explana- 
tion of  all  facts  of  the  subjects  to  which  it  pertains; 
one  established  fact  contradicting  the  hypothesis  is 
destructive  to  its  fundamentality  and  to  its  correctness. 

The  hypothesis  on  which  the  subject-matter  of  this 
work  is  based  is  that  the  ether  is  the  simplest  form  of 
matter — that  it  represents  units  of  matter  and  units  of 
force  common  to  all  matter  and  to  all  forces,  and  that  the 
ether-units  or  ether-atoms  are  fundamental  and  ulti- 
mate. Having  adopted  a  hypothesis  our  effort  will 
be  to  follow  it  wherever  it  may  lead,  irrespective  of 
accepted  theories.     The  value  and  correctness  of  the 
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hypothesis  must  be  determined  by  its  adaptability  to  a 
grand  generalization  of  facts.  The  provisional  accept- 
ance of  the  hypothetical  truth  will  enable  us  to  for- 
mulate other  conceptions  which  by  deduction  must 
necessarily  follow. 

The  Fundamental  Laws  of  Electricitj'  are  well  un- 
derstood, and  through  these  its  study  should  be  ap- 
proached, for  a  law  on  which  depends  an  infinite  number 
of  facts  can  be  more  easily  comprehended  than  the  facts. 
The  science  of  electricity  is  more  simple  than  chem- 
istry, for  whereas  in  chemistry  we  have  0%'^er  seventy 
elements  to  deal  with,  the  ultimate  property  of  each 
of  which  is  doubted  even  by  the  chemist  himself,  in 
electricity  we  have  onl^'  two,  and  these  are  ultimates 
which  have  no  analyses.  The  boundarj^  between  the 
knowable  and  unknowable  in  electricity  has  been 
pushed  back  as  far  as  that  of  any  other  science,  and  it 
is  incorrect  and  unscientific  to  say  that  electricity  is  a 
"mysterious  element." 

The  medium  of  manifestation  of  the  interchangeable 
forces  heat,  light,  and  electricity  is  ether,  a  universally 
present  substance,  existing  in  two  forms,  the  ynolec- 
ular  and  atomic^  just  as  other  matter  exists,  differenti- 
ating only  as  to  conditions. 

Molecular  ether  is  interstellar  and  intermolecular  in 
relation  to  ponderable  matter,  and  forms  an  ocean  in 
which  ponderable  molecules  and  masses  float.  More- 
over, the  atoms  or  units  of  ether  are  iuimolecular — are 
identical  with,  if  not  interchangeable  with  the  unit- 
constituents  of  the  ponderable  molecular  body.  The 
conceptions  of  the  character  of  ether  follow  the  ac- 
ceptance ot  the  hypothesis  that  it  is  a  fourth  state  or 
the  simplest  form  of  matter,  supplementing  the  three 
forms — solid,    liquid,    and    gaseous.      Ether,   like    the 
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Other  forms  of  matter  being  molecular,  must  have  a 
chemistrj'. 

Electricity  is  the  chemistry  of  ether.  In  the  chem- 
istry of  ponderable  matter  the  known  elementary  sub- 
stances are  numerous,  but  relatively  they  belong  to  two 
classes,  designated  positive  and  negative,  and  science 
may  succeed  in  reducing  these  elements  to  two,  which 
will  be  identical  with  the  chemical  division  of  ether. 

For  purposes  of  designation  the  atoms  of  the  ether 
molecule  have  been  named  positive  and  negative,  or  plus 
and  minus,  but  it  is  to  be  understood  clearly  that  these 
terms  are  symbolic  and  not  meant  to  characterize  the 
properties  of  the  ether  atoms.  All  electric,  chemic,  and 
physical  facts  have  as  a  fundamental  principle  attrac- 
tion or  repulsion.  It  follows  that  there  is  a  unit  ot 
attraction  and  a  unit  of  repulsion  which  must  be  repre- 
sented by  ultimate  units  of  matter.  Hence  ether,  being 
the  simplest  form  of  matter,  must  have  units  represent- 
ing the  ultimate  principles  of  force.  This  conception 
is  supported  by  there  being  qualitativeU^  only  two  elec- 
tric potentials,  termed  positive  and  negative.  Hence 
we  postulate  :  That  the  positive  unit  of  ether  represents 
a  unii  of  attraction,,  and  the  negative  unit  of  ether  a  unit 
of  repulsion,,  and  that  these  are  the  ultimate  units  of  all 
matter  and  of  all  force. 

Experiment  has  shown  that  certain  forces,  acting  on 
the  molecules  of  ether,  separate  their  atoms,  which 
under  favorable  conditions  remain  apart,  and  under 
other  conditions  reunite.  Th^  province  of  electric  science 
{electricity)  embraces  a  study  of  the  phenomena  attending 
the  dissociation  of  the  atoms  of  ether  molecules.,  and  the 
reunion  of  tlie  atoms  to  form  molecules.  This  definition 
of  electricity  is  analagous  to  that  of  chemistrj^,  and 
broadens  the  term. 
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3.  Friction  between  the  surfaces  of  certain  substances, 
such  as  rubbing  a  piece  of  glass  ou  a  stick  of  resin, 
will  break  up  ether  molecules  into  elementary  atoms, 
and  those  which  have  been  conventionally  named  pos- 
itive  will  adhere  to  the  glass,  and  the  other — conven- 
tionally named  negative — will  attach  themselves  to  the 
resin.  The  glass  and  the  resin  are  then  in  a  state  of 
electrification,  and  have  newly  acquired  or  additive 
properties, 

4.  It  is  found  that  similarly  electrified  bodies  recede 
from  each  other,  and  dissimilarly  electrified  bodies  are 
attracted  ;  accordingly  it  has  beeu  formulated  as  a  law 
that  likes  niiUualLy  repel  and  unlikes  mutyially  attract. 
That  "  likes  mutually  repel  "  is  not  of  universal  appli- 
cation, as  shown  by  the  conceutrativeness  of  positive 
electric  currents,  and  gravity  attraction  between  elec- 
tropositive masses  (§  28).  It  maj'  be  stated  here  that 
the  mutual  repulsion  of  positively  charged  bodies  may 
be  limited  to  the  areas  of  induced  fields  of  positive 
potentials  (§  23).  This  form  of  repulsion  is  in  prin- 
ciple an  impenetrability  of  induced  force.  The  author 
formulates  the  following  law  as  being  in  accordance 
with  a  generalization  of  facts :  Units  of  attra<:tion  (^posi- 
tivities)  mutually  attract ;  nuits  0/ repulsion  (negativities) 
mutually  repel ;  and  units  of  attraction  and  units  ofrcpuL 
sion  are  attracted^  mutually  neutralized^  and  in  max- 
imum contact  are  at  zero  potential.  When  the  posi- 
tive and  negative  atoms  of  ether  are  separated  there  are 
two  elementary  forces — attraction  and  repulsion — being 
constantly  exerted  to  bring  them  together,  and  these 
two  forces  characterize  all  electric  phenomena  (§  29). 

5.  When  a  body  is  electrified,  and  it  is  found  that 
the  electrification  becomes  equally  distributed  over  its 
surface — that  it  is  capable  of  carrying  electricity,  or 
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allowing  electricityto  travel  from  oue  part  of  its  surface 
to  another — it  is  called  a  conductor  and  the  property 
possessed  by  it  is  called  conduction. 

When  a  substance  retains  the  electrification  at  the 
point  electrified,  and  is  incapable  of  carrying  the  elec- 
tricity to  any  other  part  of  its  surface,  not  having  the 
property  of  conduction,  or  having  it  but  slightly,  it  is 
called  a  non-conductor  or  insulator. 

The  property  of  conduction  is  possessed  by  bodies  in 
varying  degrees.  The  following  table  of  substances 
illustrates  the  relative  order  in  which  it  is  manifested: 

All  metals. 

Charcoal. 

Dilute  acids. 

Saline  solutions. 

Water. 

Living  animals. 

Silk. 

Gutta  percha. 

Glass. 

Wax. 

Resin. 
Shellac. 

The  substances  named  in  the  first  section  of  the  table 
conduct  freel}',  while  conduction  is  possessed  by  the 
substances  in  the  latter  section  so  slightly  as  to  make 
them  practically  non-conductors.  The  metals  have  the 
greatest  conducting  power  and  shellac  the  least ;  the 
latter  is  therefore  the  best  insulator. 

6.  The  property  of  conduction  will  be  more  clearly 
understood  by  illustrating  electrification  by  convection. 
If  a  number  of  metallic  bodies  be  suspended  by  .silk 
cords  (Fig.  2)  so  as  to  swing  freely  and  rhytlimically,  as 
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in  the  swing  of  a  trapeze — each  alternately  touching 
its  immediate  neighbors — and  one  of  the  bodies  be 
electrified,  the  electrification  will  become  equally  dis- 
tributed over  all  of  them.  The  ball  first  electrified  on 
touching  its  neighbor  will  part  with  half  of  its  elec- 
trification, the  two  balls  becoming  equally  electrified. 


U 


Fig.  a. 


Showing  Electrification  by  Convection. 

Equalization  of  electrification  will  take  place  each  lime 
two  balls  come  in  contact,  and  the  process  will  go  on 
until  an  equilibrium  of  electrification  occurs  throughout 
the  whole  system  of  balls.  When  two  balls  touch  and 
are  electrified  similarU'  they  will  repel  each  other,  thus 
aiding  the  movement. 

All  molecules  are  capable  of  vibratiug  on  their  axes; 
when  they  do  so  freel}'  and  in  rhythmic  order,  they 
become,  when  electrified,  convective  carriers  of  atomic 
ether  until  there  is  an  electric  equilibrium  established, 
as  in  the  case  of  the  electrification  of  conductors. 
When  the  molecules  are  firmly  set  and  do  not  vibrate 
or  vibrate  slightl}-,  or  are  irregularly  set  and  vibrate 
without  rhythm,  the  ether  atoms  of  the  electrification 
become  blocked  or  dammed,  and  the  material  composed 
of  such  molecules  is  a  non-conductor. 

7.  In  Fig.  3,  the  globes  represent  molecules  of  pon- 
derable matter,  aud  the  plus  and  minus  combined 
indicate  the  position  of  molecular  ether,  intermolec- 
ularly  placed  as  regards  ponderable  matter  ;  whilst 
the  separate  plus  denotes  a  charge  by  positive  ele(^ 
tricity.     Now,  the  atomic  ether,  being  adherent  to  the 
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material  molecule,  cannot  pass  over  the  intermoleciilar 
space  if  not  carried  by  the  vibratory  action  of  the  mole- 
cule. To  understand  why  the  atomic  ether  clings  to  the 
material  molecule,  in  preference  to  becoming  attached 
to  an  intervening  ether  molecule,  we  have  onlj'  to 
consider  the  simple  construction  of  the  ether  molecule. 

+         -f  t  + 

^  Fig.  3. 

Indicating  the  relative  positiona  of  Ponderable  Matter, 
Ether  aud  Electric  Potentials. 

The  latter  is  made  up  of  a  positive  and  negative  ulti- 
mate. The  forces  inherent  in  the  positive  atom  are 
fully  neutralized  by  the  forces  inherent  in  the  negative 
atom,  and  the  converse  is  equally  true.  The  union  is 
elementary  and  complete.  The  principle  of  the  one 
atom  is  fully  satisfied  or  balanced  by  that  of  the  other, 
and  there  is  no  free  force  left  to  attract  or  repel  any- 
thing from  without. 

The  complex  ponderable  molecule  is  made  up  of 
chemic  atoms  which  are  not  elementary  and  whose 
properties  are  not  entirely  neutralized,  the  atoms  them- 
selves being  condensations  of  varying  relative  amounts 
of  positive  and  negative  ultiniates.  The  cause  of  the 
adherence  of  the  free  etiier  atom  to  the  complex 
molecule  has  two  factors — the  condensation  within  the 
molecule,  and  \\\^  partially  neutralized  st^X^  of  its  ulti- 
mate positivities  and  negativities  (§  18,  §  27). 

The  trapeziform  rhythmic  vibrations  of  the  molecule 
are  fully  accounted  for  by  the  law  of  repulsion  aud 
attraction  governing  positive  and  negative  atomic  ether. 
The  molecules  when  similarly  loaded  repel  each  other 
and  at  the  same  time  they  are  attracted  towards  dissim- 
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ilarly  loaded  molecules.  Wlieu  unloaded  or  parrially 
unloaded  they  naturally  rebound  and  thus  become 
reloaded  (§  46), 

8.  It  is  evident  that  if  the  charge  as  shown  in  Fig.  3 
be  surrounded  by  molecules  incapable  of  the  essential 
conducting  vibratory  action,  the  charge  becomes  in- 
sulated, and  when  in  this  condition  it  has  been  named 
sialic  electricity.  On  the  other  hand,  when  the  point 
of  electrification  is  surrounded  by  molecular  vibratory 
carriers,  the  body  will  become  equipotentially  charged 
to  the  extent  of  its  non-insulation,  and  when  moving 
the  electrification  has  been  termed  dynamic. 

Polarization.  The  term  polarization  when  applied 
to  molecules  means  that  they  have  differential  poles, 
and  that  the  poles  of  similar  quality  point  in  uniform 
direction.  The  term  when  applied  to  a  current  sig- 
nifies that  molecules  have  been  dissociated,  and  that 
the  resulting  ions  have  accumulated  at  the  poles  of  the 
circuit. 

Potential 

9.  By  potential  is  meant  the  accumulated  force — the 
stored  energy  ;  it  represents  the  work  done — the  cap- 
ital with  which  we  start — force  expended  and  conserved; 
potential  is  static  but  convertible  into  a  dynamic  force. 
Potential  may  be  physical,  cheniic,  or  electric. 

10.  Physical  Potential  is  that  force  which  resides  in 
a  body  b}'  virtue  of  its  relative  position,  or  ph3'sical 
state.  When  water  is  at  sea  level  its  position  is  zero ; 
but  if  it  is  raised  as  in  clouds  by  means  of  the  snn's 
rays,  or  pumped  by  the  force  of  steam  to  a  position 
above  sea  level,  it  has  a  potential  which  is  equal  to 
the  force  spent.  The  potential  is  lost  and  the  force 
can  be  regained  on  the  water  returning  to  its  physical 
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zero.  A  physical  potential  is  also  created  by  changing 
the  state  of  matter,  such  as  compressing  a  gas  to  a 
solid.  This  potential  is  the  degree  of  departure  from 
the  physical  equilibrium  of  matter. 

1 1 .  Cheniic  Potential^  or  the  poteutial  of  molecules,  de- 
pends on  the  number  and  character  of  the  atoms  in  the 
molecular  construction.  The  affinity  or  mutual  attrac- 
tion of  atoms  rests  on  their  positive  and  negative  char- 
acter. Positivity  and  negativity  are  the  fundamental 
principles  of  all  cheniic  action ;  consequently  tliere  must 
be  a  unit  of  positivity  and  a  unit  of  negativity.  These 
units  cannot  be  qualified,  that  is,  a  unit  being  positive, 
cannot  be  more  or  less  positive,  and  the  same  must  be 
said  of  a  negative  unit.  Again,  these  unit  principles 
must  be  represented  by  unit  matter.  The  only  way, 
therefore,  that  a  cheraic  atom  can  be  more  positive  or 
more  negative  than  another  atom,  is  to  have  more  unit 
principles,  and  more  units  of  matter  within  its  con- 
struction which  are  not  fully  neutralized  by  opposing 
units. 

The  atom  of  hydrogen  cannot  be  an  elementary  sub- 
stance, because  it  unites  with  a  similar  atom  to  form  a 
molecule  of  hydrogen,  which  cannot  occur  with  two 
positive  units  or  two  negative  units,  because  of  the 
fundamental  law  of  repulsion,  and  because  of  the  fun- 
damental fact  of  a  molecule  having  differential  poles. 
The  same  can  be  said  of  all  other  so-called  chemically 
elementary  substances  (§  26). 

Chemic  potential  is  the  sum  of  the  unneutralized 
positivity,  or  the  unneutralized  negativity  polarizable 
or  capable  of  being  concentrated  at  the  pole  of  a  mole- 
cule. It  is  qualitative  and  quantitative.  For  chemic 
potential  to  become  fully  an  active  force,  it  must  ap- 
proximate another  molecule  of  quantitatively  the  same 
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or  of  a  greater  degree  of  potential  but  of  the  opposite 
sign  (§1,  27). 

When  molecules  of  a  substance  cannot  be  broken  up 
by  contact  with  other  molecules,  but  require  such  forces 
as  heat  or  electricity  to  disintegrate  them,  f/iemic  sero 
has  been  reached  or  approached.  The  potentials  of 
molecules  are  increased  by  the  expenditure  of  other 
forces,  as  in  the  anabolic  changes  of  organic  life,  or  as 
in  the  many  synthetic  changes  that  take  place  in  the 
laboratory. 

12.  Electric  Potential  is  the  amount  of  force  spent 
in  separating  ether  molecules  into  their  constituent 
atoms.  The  expended  force  is  regained  when  the 
atoms  reunite.  It  is  the  free  and  inherent  force 
of  separated  ether  atoms.  The  electric  zero  therefore 
is  the  neutralization  of  the  positive  and  negative  ether 
atoms  in  ether  molecules.  Tiie  absolute  zero  potential 
is  the  neutralization  of  units  with  maximum-contact 
and  minimum-distance. 

13.  Au  important  law  governing  all  force  is  that 
potentials  tend  toivards  zero.  Thus  water  seeks  the  sea 
level,  molecules  reform  with  less  stored  energy,  and  the 
electric  charges  of  a  cloud  and  of  the  earth  rupture  the 
insulating  medium,  and  with  lightning  speed  meet  at 
zero. 

The  different  potentials  may  be  formulated  thus : 


Water  at 


'  or  ce 


Water  at  a  height  or  with  a 
physical  potential. 


sea  level 

(H.O),         X   Force 

V^^^  ,-.   Force  ==   +  and  —  or  electric  potential. 


(Hj)j  Oi    or   increased    chemic 
potential. 
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14.  Electro-motive  Force  is  the  luomentum  that  causes 
the  current.  It  is  the  difference  of  potentials — not  the 
potentials  themselves.  In  illustration  :  Two  bodies  of 
water  of  equal  elevation  have  equal  potentials,  and 
therefore  when  connected  have  no  flow;  two  quantities 
of  oxygen  gas  have  equal  chemic  potentials,  and  when 
brought  together  have  no  chemic  action  ;  so,  also,  when 
two  bodies  are  equally  electrified  positively  or  nega- 
tively, having  the  same  potential,  when  connected  the 
electrification  will  furnish  no  ciirrent.  Just  as  the 
difference  in  the  height  of  water  will  cause  a  stream, 
and  the  difference  in  chemic  potential  is  a  cause  of 
chemic  action,  so  when  two  bodies  are  electrified  in  a 
different  degree,  or  when  one  is  electrified  and  the  other 
is  not  electrified,  or  when  the  one  is  electrified  posi- 
tively and  the  other  is  electrified  negatively,  these 
conditions  constituting  a  difference  of  electric  poten- 
tials, there  will  be  an  electric  current  between  the 
bodies  when  connected.  The  motive  force  may  exist 
as  a  chemic  or  physical  potential,  convertible  into  an 
electric  potential. 


Electric  Current 

15.  Current  is  the  flow  of  electricity  from  one  point 
to  another  and  is  the  result  of  the  electro-motive  force. 
A  current  may  be  of  long  or  short  duration  ;  it  may  be 
of  large  or  small  volume  or  of  high  or  low  tension  ;  it 
may  be  continuous  or  interrupted,  or  may  be  direct  or 
induced.  A  current  of  electricity  is,  in  the  fullest 
sense,  the  separation  and  reunion  of  ether  atoms.  It 
is  analogous  to  analytic  and  synthetic  chemic  action. 
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Law  of  Ohm 

16.  This  law  was  discovered  b}'^  Professor  Olim,  of 
Nuremberg,  in  1827.  It  is  the  basis  of  all  electric 
measurement,  and  is  expressed  thus:  The  current 
is  directly  proportional  to  the  electro-motive  force  and 
inversely  proportional  to  the  resistance.  It  is  thus  for- 
mulated: 

^  _  Emf  or  E 

That  the  current  is  in  direct  proportion  to  the  electro- 
motive force  admits  of  easy  demonstration.  If  a  cir- 
cuit be  used,  containing  a  galvanometer,  and  a  vari- 
able number  of  cells  of  equal  electro-motive  force,  it 
will  be  found  that  as  the  number  of  active  cells  is  in- 
creased the  current  will  be  increased  proportionally: — 
If  one  cell  gives  one  unit  of  current,  two  cells  will  give 
two  units ;  ten  will  give  ten  units,  and  so  on  in  pro- 
portion to  the  increase,  providing  the  resistance  to  the 
current  remains  the  same. 

17.  Resistance  is  that  property  in  matter  which  re- 
strains or  blocks  the  current.  It  is  the  negation  of 
conduction  (§  5) ;  and  the  better  the  conductor,  the  less 
resistance.  As  conduction  depends  on  the  free  and 
rhythmic  vibration  of  molecules,  so  resistance  depends 
on  the  rigidit}'  or  irregular  vibration  of  molecules.  It 
must  be  remembered  that  all  ponderable  molecules 
have  a  vis  inei'tia  wjiich  has  to  be  overcome  by  the 
current,  therefore  even  the  best  conductors  offer  some 
resistance. 

Resistance  is  in  direct  proportion  to  the  length  of  tfie 
conductor:  This  means  that  the  greater  the  number  of 
molecules  in  the  direct  path  of  the  current — in  enfilade — 
the  greater  the  loss  of  force  in  overcoming  the  inertia. 
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All  molecules  have  a  natural  gait  of  movement,  which 
is  hastened  by  the  electric  current,  and  this  hastening 
is  resisted  bj'  the  molecules ;  an  electric  unit  of  poten- 
tial has  to  overcome  the  resistance  of  those  molecules 
in  direct  line  between  its  starting  point  and  the  point 
of  neutralization ;  and  therefore  the  longer  the  line  the 
greater  the  number  of  molecules,  and  the  greater  the 
resistance  encountered. 

ResistoTue  is  inversely  proportional  to  the  cross-sectional 
area  of  the  conductor.  As  the  current — the  ether  atoms 
— is  traveling  along  its  route  by  means  of  molecular 
vibration,  the  greater  number  of  vibratory  carriers 
there  are  abreast^  the  greater  the  amount  of  current, 
and  the  less  acceleration  of  the  normal  vibratory  speed, 
and  therefore  the  less  waste  and  resistance. 

Resistance  varies  with  the  material  of  the  conductor. 
Thus  it  is  found  that  iron  has  six  times  the  resistance 
of  copper;  this  means  that  the  molecxiles  of  copper 
\nbrate  six  times  faster  than  those  of  iron,  and  are 
capable  of  carrying  six  times  the  number  of  ether 
atoms  past  any  given  point,  in  a  given  definite  period 
^_  of  time.  The  relative  size  of  the  molecule  to  its  free  or 
^P  vibratory  space,  and  its  spherical  balance  in  positivities 
and  negativities,  must  modify  the  property  of  conduc- 
tion. 

I     The  relative  specific  resistances  of  a  number  of  metals 
at  a  temperature  of  32°  (F.)  are  as  follows  : 
Silver       i  Iron  6.46 

B  Copper     1.06  Platinum     11.3 

I         Gold         1.38  Lead  13-50 

V         Zinc  3.75  Mercury      62.50 

The  table  shows  that  silver  is  the  best  conductor, 
and  offers  the  least  resistance  to  the  current. 
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Liquids  have  comparatively  very  great  resistances, 
as  the  following  table  shows : 


Copper  wire 

Sol.  of  Copper  Sulph. 

"    of  Sodium  Chloride 
Distilled  water 


at  32'  (F.) 
at  48°  (F.) 
at  56°  (F.) 
at  59'*  (F.) 


16,885,520 

2,903>538 
6,734,208,000 


Resistance  is  affected  by  the  temperature  of  the  con- 
diutor.  Pure  metals  have  their  resistance  increased  by 
raising  their  temperatures.  Non-metallic  substances 
have  a  lessened  resistance  by  a  rise  of  temperature. 
As  the  temperature  of  a  metal  is  increased  the  inter- 
molecular  spaces  are  lengthened ;  this  requires  a  longer 
swing  of  the  molecule  to  bridge  the  space,  and  therefore 
gives  an  increased  electric  resistance.  By  raising  the 
temperature  of  other  substances  the  waves  of  heat  bring 
their  molecules  more  into  line  and  tends  to  polarize 
them  (§  147),  making  them  better  carriers,  and  thus  les- 
sening resistance.  Fixed  molecular  polarization  makes 
the  substance  a  non-conductor  (§  38). 

Resistance  is  a  relative  property;  the  best  conductors 
offer  some  resistance  to  the  electric  passage;  and  the 
best  insulators  allow  some  of  the  current  to  escape. 
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Ether 

18.     The  subject  of  Ether  may  be  conveniently  con- 
sidered under  the  following  divisions: 

1.  Atomic  Ethkr — Electricitv. 

2.  Molecular  Ether: 

a  Interstellar  Ether  ; 

b   INTERMOLHCULAR  ETHER — ETHHR   BKTWESN  THE  MOLECULES  OF 
PONDRRABLK   MATTER. 

3.  Immolecdlar  Ether — Constituent  units  ok  poNOEttABLR  uolb- 

CULES. 

The  properties  of  ether-units  are  the  fundamental 
bases  of  electric  and  chemic  action.  Electricity  and 
chemistrj'  are  so  intimately  connected  that  the  prob- 
lems of  the  one  cannot  be  solved  without  a  solution  of 
those  of  the  other.  Furthermore,  wlieu  the  two  forces 
— cheraic  force  and  electricity — are  reduced  to  their 
fundamental  principles,  these  are  found  to  be  identical. 

If  the  chemist  could  transport  himself,  without  losing 
his  analytical  sense,  to  the  border  line  between  the 
sphere  where  ether  alone  exists  and  where  matter 
begins  to  be  condensed  and  influenced  by  the  gravita- 
tion of  the  earth,  he  would  find  a  whole  world  of  new 
chemical  elements.  He  could  there  examine  at  his 
leisure  the  "  lost  link  "  or  links  between  hydrogen  and 
ether. 

Ether  in  its  simple  molecular  construction  of  positive 
and  negative  atoms  is  the  only  existing  thing  that  is 
self  satisfied.     The    ether   molecule   is    the    only  one 
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Negative  primary 
Condensation. 


whose  constituent  forces  neutralize  each  other.  It 
neither  attracts  nor  repels  proximate  molecules  of  ether. 
When  we  depart  from  the  ether  molecule  and  enter  the 
sphere  of  ponderable  matter,  we  find  molecules  of  more 
complex  character  whose  units  are  not  entirely  neu- 
tralized within,  and  whose  forces  therefore  act  outside  of 
the  molecular  bod}'.  Regarding  ether  as  the  simplest 
form  of  matter,  the  first  variation  from  this  simplicity 
and  complete  immolecular  neutralization  of  forces  may 
be  conceived  to  be  represented  in  the  following  formulae : 

±  t_+ 

A  molecule  Positive  primary 

oT  ether.  condensation. 

The  formulae  represent  molecules  of  ether,  and  the 
conceptions  of  the  condensations  of  matter  approxi- 
mating ether  in  simplicity  of  construction.  The  latter 
may  be  named  the  positive  and  negative  elementary  or 
primary  condensations.  They  represent  positive  and 
negative  chemic  molecules.  Three  ether  molecules 
contain  the  same  number  of  units  as  the  two  ponder- 
able molecules.  An  analogous  relationship  exists  be- 
tween oxygen  molecules  and  those  of  ozone.  Further 
condensation  may  be  eflfected  by  reactions  between  the 
multiples  of  elementary  condensations,  thus  producing 
an  incalculable  variety  of  combinations.  These  are 
synthetic  reactions,  and  require  extrinsic  force  and 
pressure. 

In  dense  matter-there  must  be  distortion  of  the  form 
of  the  unit,  but  its  impenetrability  must  be  preserved. 
The  tenuous  couditiou  of  ether  depends  upon  the  mi- 
nuteness of  its  molecular  sphere,  which  consists  of  two 
units,  and  upon  the  immolecular  neutralization  of  the 
forces  of  the  ether  molecule. 

By    miiltiplying   the    positive   condensation    accom- 
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patiied  by  various  syuthetic  reactions  between  positives 
and  negatives,  we  arrive  at  the  chemic  atoms  of  the 
extreme  positive  elementary  substances,  such  as  the 
alkali  metals.  By  multiplying  the  negative  primary 
condensation  accompanied  by  chemic  reactions  we  will 
^obtain,  as  a  product,  atoms  of  oxygen  and  of  other  neg- 
ative elements.  The  combining  of  the  two  elementary 
condensations  in  various  proportions,  accompanied  by 
additional  condensation,  and  by  chemic  reactions,  will 
account  for  the  atoms  and  molecules  of  all  intermediate 
chemically  basic  substances. 

A  primary  condensation  represents  a  unit  of  potential 
of  positivity  or  a  unit  of  potential  of  negativity,  and  is 
equal  in  chemic  potential  to  a  free  atom  of  positive  or  a 
\free  atom  of  negative  ether^  or  a  unit  of  electtic  potential. 
Any  multiple  of  the  one  combined  with  a  multiple  of 
the  other  will  represent  the  molecule  of  a  salt.     Similar 
primary  condensations  form  molecules  which  represent 
the  molecular  form  of  chemically  elementary  matter. 
This  combination  can  only  take  place  with   complex 
matter,  as  similar  elementary  units  or  atoms  cannot 
unite  as  a  molecule,  which   is  a  body  possessing   the 
property  of  assuming  differential  poles  (§  26). 
L       ig.  The  friction  produced  by  rubbing  two  pieces  of 
wood  together  will  produce  sufficient  heat  to  set  the 
substance  on  fire,  whilst  the  friction  produced  by  rub- 
bing silk  on  the  surface  of  a  metal  will  electrify  both 
the  silk   and   the   metal.      The    explanation   of   this 
becomes  clear  on  the  basis  of  the  negativities  and  pos- 
itivities  of  different  substances.     If  a  substance  that  is 
made  up  largel}'  of  fundamental  positivities  is  rubbed 
I  on  a  substance  that  is  made  up  largely  of  negativities, 
the  negative  substance  will  attract  the  positive  ether, 
md  the  positive  substance   will    attract  the   negative 
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ether,  and  thus  the  two  substances  are  electrified.  If 
the  two  substances  are  not  different  in  their  funda- 
mental positivity  and  negativity  the  friction  merely 
sets  free  the  ether  molecule,  without  breaking  it  up. 
and  the  result  is  heat  (§  43,  §  103). 

All  intermolecular  spaces  of  ponderable  molecules 
are  filled  with  molecular  ether.  It  is  this  ether  that  is 
ground  out  by  friction  either  as  heat  or  electricity  (§  43, 
§  67).  Friction  of  two  bodies  disturbs  the  relation- 
ship of  the  interv^ening  molecules  in  the  air  to  their 
intermolecular  ether.  The  ether  is  set  free  from  the  in- 
termolecular polarized  fields  (§  42)  and  radiates  through 
the  medium  of  the  bodies  rubbed.  In  the  latter  the 
intermolecular  spaces  are  enlarged,  whilst  in  the  air 
the  spaces  are  distorted  (§  23).  A  current  of  molecular 
ether — heat — is  established  from  the  rubbed  surfaces 
through  the  bodies,  and  from  their  distal  surfaces  it  is 
diffused.  Or,  the  ether  forms  a  charge  on  the  rubbed 
surfaces. 

When  there  exists  in  contact — such  as  in  a  solution 
— two  substances  of  different  chemic  potentials,  the 
molecules  of  the  substances  tend  to  reform  under  lower 
potentials  with  the  evolution  of  heat  or  electricit3'. 
Whether  heat  or  electricit}'  is  evolved  depends  on  the 
relative  positivity  and  negativity  of  surrounding  media, 
just  as  in  the  case  of  friction  (§  3),  Thus,  dip  a  piece 
of  zinc  into  a  solution  of  sulphuric  acid  and  heat  is 
eliminated,  but  this  heat  can  be  converted  into  electric 
action  by  altering  the  relative  conditions  of  positivity 
and  negativity  in  the  surrounding  media  (§  43).  The 
ether  eliminated  comes  from  the  induced  fields  of  mole- 
cules (§  41,  §  42). 

It  is  found  that  an  electrified  body  produces  induced 
electrification   or   polarization   of  certain   surrounding 
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bodies,  the  induced  electrification  being  directly  pro- 
portional to  the  primary  electrification  {§  65 — 67). 
This  is  in  accordance  with  a  universal  law  that  all 
forces  have  not  only  counter-forces,  but  also  induced 
forces.  Positive  and  negative  electrifications  are  coun- 
ter-forces, but  both  of  these  produce  electrifications  by 
induction  which  are  manifested  under  certain  condi- 
tions, but  which  exist  under  all  conditions.  A  stone 
carried  to  the  top  of  a  hill  has  its  counter-force  in  the 
fact  of  the  atmosphere  being  placed  nearer  the  center 
of  gravity  by  the  removal  of  the  stone.  Its  analogous 
induced  force  is  the  pressure  on  the  top  of  the  hill.  A 
positive  chemic  force,  as  that  of  the  alkalies,  has  its 
counter-force  in  negative  oxygen  ;  and  both  of  these 
have  induced  forces  in  polarization  of  the  intermoUcutat 
ether  surrounding  their  individual  molecules. 

Just  as  electrification  produces  electrification  or  polar- 
ization by  induction,  so  the  potential  of  a  molecule, 
which  is  identical  with  electrification,  acting  ou  the 
proximate  ether  produces  polarization  of  the  ether's 
molecules.  Electric  and  chemic  potentials  being  fun- 
damentally identical,  we  have  only  to  study  electric 
conditions  to  arrive  at  correct  conclusions  regarding 
molecular  conditions.  However,  electric  and  chemic 
potentials  differentiate  in  as  much  as  the  electric  unit 
is  entirely  free,  whilst  the  chemic  unit  is  held  fast  in 
the  constituency  ot  the  ponderable  molecule. 

In  figure  4,  a  and  b  represent  electrified  bodies  with 
induced  magnetic  fields.  If  c  and  d — electric  con- 
ductors— are  placed  iu  the  positions  indicated  they  will 
become  electrified  by  induction  (§  65,  §  66,  §  67).  If 
c  and  D  are  then  removed  electrification  immediately 
disappears  from  them  ;  but  the  forces  tliat  induced  the 
electrification  remain,  and  must  act  upon  something. 
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Fig  4. 

Induced  Polarisation  by  electric  and  chemic  Potentials:  a  and  b,  showing 
two  bodies  electrified  positively  and  negatively  with  differentiated  in- 
duced fields  ;  c  and  d,  conductors  placed  within  the  induced  fields;  e, 
two  bodies  electrified  positively,  or  two  electro-positive  molecules;  f, 
two  bodies  electrified  negatively,  or  two  electro-negative  uolecules. 

As  they  acted  upon  the  ponderable  molecules  and  directly 
or  indirectly  on  the  iutermolecular  ether  of  the  con- 
ductors, as  manifested  by  the  electrification,  they  will  still 
act  upon  the  ether  that  remains,  the  only  difference 
being  that  there  is  no  manifestation  after  the  removal 
of  the  conductors  c  and  d.  In  the  electrification  of  a 
and  B  there  is  attraction  between  the  bodies.  E  and 
F,  being  electrified  similarly,  produce  electrification  by 
induction  as  in  A  and  b,  with  the  difference  that  they 
repel  each  other  (§  23)  by  the  impenetrability  of  their 
induced  fields ;  and  in  the  case  of  negative  potentials 
there  is  an  inherent  repulsive  property  whose  force  is 
in  inverse  proportion  to  the  square  of  distance  (§  28). 

Molecules  of  ponderable   matter   possess   potentials 
which  must  act  inductively  on  the  intermolecular  ether, 
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and  must  attract  or  repel  in  like  manner  to  electric 
potentials.  If  it  be  shown  that  the  laws  governing  the 
electrification  of  bodies  are  identical  with  those  govern- 
ing the  potential  of  molecules,  it  will  follow  that  E  and 
F  will  represent  respectively  electro-positive  and  electro- 
negative molecules  of  complex  or  ponderable  matter. 

20.  Interstellar  Elher.  That  "nature  abhors  a  vac- 
uum'" is  of  universal  application:  All  space  is  occupied 
by  matter,  at  least  as  far  as  the  spherical  form  of  matter 
will  permit  of  occupancy;  as  matter  has  extensibility, 
so  space  is  occupied.  This  conception  leads  to  the 
formularization  of  a  law  of  occupancy  or  a  law  of 
tenuity  or  diffusibility  as  a  counter  law  to  that  of  grav- 
itation. By  the  law  of  tenuity  matter  tends  to  diffuse, 
by  gravitation  matter  tends  to  aggregate.  In  the  ether 
condition  tenuity  has  three  factors :  (i)  The  impenetra- 
bility of  the  ether  molecule;  (2)  its  spherical  form; 
and  (3)  the  complete  neutralization  within  the  molecule 
of  the  infierent  forces  of  its  atoms.  In  more  complex 
matter  tenuity  has  three  factors:  (i)  The  mutual  re- 
pulsion between  exmolecularly  neutralized  negative 
units  forming  the  constituencies  of  molecules — induc- 
tive potentials  of  molecules;  (2)  the  spherical  forms  of 
molecules  with  induced  polarized  fields;  (3)  the  impen- 
etrability of  molecules,  of  their  potentials,  and  of  their 
induced  forces. 

In  the  denser  forms  of  matter  gravitation  is  the 
greater  force.  In  ether  the  law  of  tenuity  is  supreme, 
and  ether  accordingly  fills  all  space  not  occupied  by 
denser  matter.  The  forces  of  the  ether  molecule  being 
immolecularly  neutralized,  it  is  not  influenced  by  grav- 
itation and  it  is  imponderable. 

Ponderable  matter  becomes  more  tenuous,  and  main- 
tains an  equilibrium  in  the  space  occupied,  according 
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to  the  following  law:  Molecules  dissociate  with  in- 
creased tnolecular  potentials  and  increased  areas  of  the 
molecular  induced  fields^  until  the  primary  condensations 
are  reached,  lohich  is  the  maximum  of  ponderable  te- 
nuity; a  free  molecule  of  ether  cannot  become  more 
tenuous  (§  138,  §  139);  and  the  limit  of  ether  density 
is  attained  by  polarization  in  an  induced  field. 

21.  fntermolecular  Ether  occupies  space  between 
molecules  and  is  itself  molecular  in  character.  When 
a  molecule  is  raised  in  potential  the  polarization  of  the 
intermolecular  ether  is  increased  (§  42).  This  may 
occur  with  or  without  an  increase  of  the  number  of 
atoms  or  units  in  the  molecule;  or  molecules  may  be 
split  up  into  a  greater  number  of  molecules  with 
increased  total  potential  and  increased  polarization  of 
ether  (§  37).  This  process  has  been  described  as  heat 
being  absorbed  or  becoming  latent,  or  energy  changing 
from  kinetic  to  potential.  This  is  the  case  in  all  ana- 
bolic changes  in  animal  and  vegetable  life,  and  in 
cliemic  actions  when  heat  or  electricity  is  converted 
into  chemic  potential. 

During  chemical  processes,  when  the  reactions  take 
place  between  molecules  without  extrinsic  force,  molec- 
ular properties  become  more  neutralized,  and  in  the 
rearrangement  the  molecules  are  more  evenly  balanced 
in  their  positivities  and  negativities,  thereby  lessening 
their  potentials,  lessening  their  induced  fields,  and  de- 
polarizing part  of  the  ether  in  these  fields ;  consequently 
heat  is  evolved  (§  41,  §  43). 

Intermolecular  ether  forms  a  physical  equilibrium 
with  other  matter.  It  is  the  medium  of  manifestation 
of  heat  and  light  and  is  also  affected  b}''  sound.  Inter- 
molecular ether  is  increased  within  the  mass  when 
solids  become  liquid,  or  liquids  become  gaseous.     Heat 
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is  then  said  to  become  latent  or  to  be  absorbed  by  the 
physical  change.  When  a  gas  is  compressed  the  in- 
termolecular  spaces  are  diminished  in  size  and  the 
intermolecular  ether  is  pressed  out  as  heat,  or  as  a 
flash    of  light   if  the  compression   be    sudden.     Most 

I  substances  enlarge  under  the  influence  of  heat,  which 
means  that  ether  is  increased  in  the  intermolecular 
spaces;  as  cooling  takes  place  ether  is  evolved  and 
heat  radiated.     Heat,  however,  may  be  absorbed  with- 

I  out  increase  of  bulk  (§  22).  Certain  solid  substances 
have  more  intermolecular  ether  than  others  which  are 
liquid.  This  is  due  to  the  quality  of  their  molecular 
potentials  {§  36). 

Intermolecular  ether  exists  in  two  states,  the  polar- 
ized and  the  free.  The  polarized  is  in  the  induced 
fields  of  molecules.  The  free  exists  outside  of  these 
fields,  and  may  represent  the  potential  of  diffusibility. 
The  free  may  also  exist  as  a  thermic  potential  in  the 
interspaces  of  molecules  (§  37). 

22.  Properties  of  Moleadar  Ether.  Interstellar  ether 
exists  in  the  molecular  form.  The  ether  molecule  has 
no  potential,  no  inductive  power,  and  no  counter-force; 
it  is  composed  of  a  siuglc  positive  and  a  single  negative 
atom,  and  the  properties  of  the  one  atom  are  entirely 
neutralized  by  the  properties  of  the  other.  As  attrac- 
tion and  repulsion  are  entirely  neutralized  within  the 
molecule,  it  has  no  cohesion,  and  the  ether  mass  has 
absolutely  no  adhesive  properties. 

I  An  ether  mass  offers  no  resistance  to  bodies  passing 
through  it,  being  incapable  of  friction  as  its  forces 
are  imniolecularly  neutralized.  The  ether  atom  is 
possessed  of  the  properties  of  indestructibility  and  ex- 
tensibility or  impenetrability.  The  molecule  has  no 
fixity  of  position  and  requires  no  force  to  displace  it  to 
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the  extent  of  non-interference  with  its  impenetrability 
and  globular  form. 

Ether  cannot  originate  vibration,  because  it  has  no 
molecular  potential.  Having  no  potential  it  can  give 
no  sympathetic  vibratory  response.  But  by  virtue  of 
its  extensibility  and  elasticity  ether  propagates  vibra- 
tions or  undulations.  That  is,  it  propagates  vibration 
by  contact.  The  cause  of  wave  motions  of  the  mole- 
cules of  ponderable  matter  must  be  considered,  and  it 
will  bcxfound  that  these  causes  produce  different  effects 
on  ether  from  those  produced  on  other  matter  /§  269, 
§  282).  By  its  extensibility,  elasticity,  and  by  molec- 
ular polarization  etlier  has  the  property  of  transmitting 
force. 

In  the  free  state  the  molecule  of  ether  must  assume 
the  globular  form,  as  the  forces  when  immolecularly 
neutralized  must  favor  this  form.  As  the  form  of  the 
ether  molecule  is  spherical,  there  must  be  intermolec- 
ular  spaces  notwithstanding  the  spheres  are  in  contact, 
but  a  kind  of  matter  that  fills  up  all  other  pores  must 
have  interspaces  that  are  very  minute. 

Ether  is  imponderable  because  its  forces  are  neu- 
iraltzed  zvithin  its  mokcule ;  its  immolecular  forces 
are  only  disturbed  by  greater  forces  which  act  in  in- 
verse proportion  to  the  square  of  distance.  As  the 
positive  and  negative  units  of  the  ether  molecule  are 
in  direct  and  maximum  contact,  being  drawn  together 
b}'  their  inherent  properties,  the  factor  of  distance  is  at 
its  minimum,  which  largely  eliminates  interferences 
by  exmolecular  forces.  It  is  apparent  that  any  two 
bodies  in  surface-contact  have  distances  between  indi- 
vidual portions  of  their  masses  as  the  contact-line  is 
without  breadth;  so  it  is  evident  that  ether-units  al- 
though in  contact  must  have  distances  between  portions 
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of  their  neutralizing  forces,  and  that  although  the 
ether  molecule  is  exempt  from  external  disturbing 
influences,  such  as  gravitation,  other  forces  with  no 
neutralizing  proximate  potentials  will  disturb  the  in- 
trinsic neutralization  of  the  ether  molecule  in  accord- 
ance with  the  law  of  distances,  Thus  it  is  evident 
that  ether  filling  intermolecular  spaces  will  be  polar- 
ized by  molecular  potentials  according  to  the  same  law 
by  which  interstellar  ether  is  imponderable.  It  is  also 
clear  that  in  accordance  with  the  law  of  forces  the  ether 
molecule  may  be  dissociated  by  other  potentials. 

By  maximum  contact  is  meant  the  greatest  relative 
area  of  surface-contact  between  quantities  of  matter 
qualitatively  opposed — it  is  that  conditiou  where  there 
is  minimum  distance  between  neutralizing  forces.  It 
is  obvious  that  as  all  matter  is  molecular,  and  as  all 
molecules  have  differential  polarity,  that  the  ether  con- 
dition is  absolute  zero  potential.  It  may  be  contended 
that  however  minute  ether  molecules  may  be,  there  will 
be  a  certain  amount  of  cohesion  between  the  positive 
unit  of  one  and  the  negative  unit  of  an  adjoining  mole- 
cule. This  would  be  the  case  if  the  ether  molecule 
were  larger  than  the  equilibrium  of  matter  and  force  in 
relation  to  space  demanded.  Owing  to  this  equilibrium 
ether  molecules  of  larger  size  would  immediately  divide 
by  polar  attraction  and  equilibrate  as  smaller  bodies. 
A  larger  ether  molecule  than  the  normal  is  an  impos- 
sibility. In  ponderable  matter  there  are  molecules 
which  mutually  attract  and  others  which  mutually 
repel,  and  the  ether  molecule  is  the  equilibrated  me- 
dium where  attraction  and  repulsion  are  balanced. 

An  ether  mass  is  mechanically  incompressible  not 
because  of  any  inherent  property  that  makes  it  incom- 
pressible, but    because   of  there  being   absolutely   no 
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means  of  impounding  it  —there  is  no  solid  through  which 
it  will  not  pass.     The  ether  molecule  can  be  distorted 
from  the  spherical  to  the  cuboid  form  by  polarization, 
and  in  this  manner  the  ether  mass  is  compressed.     The 
polarization  of  ether  is  accomplished  by  the  attractions 
and  repulsions  of  exmolecular  forces  according  to  the 
law  of  forces  as  above  stated.     Under  polarization  ether 
molecules   assume    closer    relationship.     They   depart 
from  their  spherical  form,  and  consequently  there  are 
a  larger  number  of  ether  molecules  within  a  given 
space  than  in  the  free  or  depolarized  condition.     Thus 
heat  applied  to  a  gas  which  is  prevented  from  expand- 
ing will   i:i  part  become  latent,     The  molecules  of  the 
gas   are  broken   up  into  atoms   or   groups  of  atoms 
by  the   heat — a  stream  of  ether  molecules — and  these 
atoms  have  an  increased  total  potential,    in  fact  they 
become  molecules  or  subniolecules  and  are  surrounded 
by  polarized  fields.     According  to  the  degree  of  addi- 
tional  potential   so  additional   ether   is   polarized  and 
heat-energy  is  stored.     Thus  when  a  quantity'  of  oxy- 
gen gas  is  confined  so  that  it  cannot  expand,  and  its 
temperature  is  raised,  a  certain  quantity  of  heat  will 
become    latent.     The   molecules   of   oxygen    are    pre- 
vented   from    separating,    but   the    oxygen    atoms,    or 
definite   groups  of  immolecular  units  potentially  pro- 
portional to  the  degree  of  temperature,  are  dissociated. 
Hence   each    atom    assumes    the    molecular   condition 
(§  37)  with  increased  potential,  increased  polarization 
of  ether,  and  consequently  more  ether  within  the  in- 
duced fields  of  the  molecules. 

The  ether  molecule  is  elastic,  the  elasticity  depend- 
ing on  its  normal  globular  shape.  When  struck  by  a 
vibratory  blow  the  ether  molecule  is  capable  of  modi- 
fying its  form,  but  by  the  attraction  of  its  atoms  it 
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immediately  assumes  the  globular  form  when  the  com- 
pression is  withdrawn. 

Ether  is  not  a  conductor  of  electricity,  because  the 
attractions  and  repulsions  within  its  molecule  are  fully 
satisfied,  and  the  free  atoms  of  ether — electricity — do 
not  adhere  to  the  surface  of  the  ether  molecule  (§  5, 
§  7).  At  least  they  do  not  adhere  to  ether  in  the  pres- 
ence of  other  matter. 

In  consequence  of  ether  being  imponderable  it  cannot 
be  projected  as  a  real  ray  of  energy,  as  in  the  case  of  a 
cannon  ball.  Ether,  however,  by  its  attractions  and 
repulsions  may  form  vortices  when  in  the  induced  field 
of  an  electric  current  (Fig.  18).  Here  the  positive 
ether  circulates  in  one  direction  and  the  negative  in 
the  opposite  (§  105). 

23.  Differential  Properties  of  Ether  Units.     Attrac- 
tion and  repulsion  are  fundamental  properties  of  ether 
atoms  (§  4).     There  is,  however,  as  shown  by  the  be- 
havior of  positive  and  negative  currents,  and  positive 
and  negative  chemic  elements,  a  fundamental  difference 
in  the  character  of  units  not  explainable  by  the  law  of 
attraction  and  repulsion  as  previously  formulated.     The 
difference  of  the  inherent  properties  of  the  positive  and 
negative  ether  may  be  characterized  as  a  diffusibility 
amongst   negative,   and   a   concentrativeness    amongst 
positive  atoms.     The  differential  action  of  the  currents 
on  the  blood  (§  164),  the  variation  of  the  spark  in  using 
I  different  sizes  of  electrodes  at  the  positive  and  negative 
poles  (§  95),  the  fact  of  negative  chemic  elementary 
substances  inclining  towards   the   gaseous   state,  and 
positive  elementary  substances  towards  the  solid  (§  36), 
thus  making  the  solid  mass  of  the   earth  preponder- 
atingly  positive,  and  the   atmosphere   negative;   and 
other  phenomenal    facts,  point   to  a  fundamental  dif- 
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ference  in  the  character  of  the  ether  atoms  as  repre- 
senting unit-matter.  The  important  fact  that  their 
union  is  complete  neutralization  or  zero  confirms  the 
diflferentiation. 

As  all  natural  phenomena  depend  upon  the  ele- 
mentary properties  of  ether-units,  it  is  important  that 
these   properties    should   be  defined   correctly.      The 
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Representations  of  Attraction  and  Repulsion  of  Ether-units 
as  manifested  in  Electrifications. 
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author  believes  that  the  differential  properties  of  the 
units  are  expressed  in  the  diagram,  Fig,  5. 

Matter  has  the  property  of  impenetrability  and  the 
forces  of  matter  are  equally  impenetrable;  moreover, 
induced  forces  are  impenetrable;  hence  like  potentials 
will  repel  each  other  to  the  extent  of  their  induced 
fields.  This  form  of  repulsion  depends  on  the  impen- 
etrability of  induced  forces  and  not  on  an  inherent 
repulsive  principle. 

The  concentrativeness  of  positive  ether  shows  that 
positively  charged  bodies  will  attract  each  other  by 
inherent  attraction.  The  attraction,  however,  will  be 
resisted  to  the  extent  of  induced  areas  by  the  impene- 
trability of  induced  forces. 

Negatively  charged  bodies  have  impenetrable  in- 
duced fields,  and  the  diffusibility  of  the  negative  cur- 
rent shows  that  there  exists  an  inherent  repulsive 
force  in  negative  ether  atoms.  Negatively  charged 
bodies  will  therefore  repel  each  other  by  induced 
impenetrability  to  the  extent  of  their  polarized  areas ; 
and  they  will  repel  each  other  by  inherent  repul- 
sion directly  proportional  to  the  product  of  the  quan- 
tities of  force,  and  inversely  proportional  to  the  square 
of  distance.  The  differential  manifestations  of  a  given 
potential  evidently  will  be  in  inverse  proportion  to 
each  other.  Thus  inductive  neutralization  is  inversely 
proportional  to  primary  neutralization.  Thus  it  will 
be  seen  that  there  is  a  unit  of  ether  representing 
a  unit  principle  of  attraction,  or  a  unit  of  positivity; 
and  a  unit  of  ether  representing  a  unit  principle  of 
repulsion,  or  a  unit  of  negativity.  The  differential 
characters  of  units  are  clearly  manifested  in  the  prop- 
erty   of  cohesion    in    positive    elementary   substances 
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such  as  the  metals,  and  in  the  absence  of  cohesion  in 
negative  elementary  substances  such  as  ox3'gen. 

The  conception  is  clear  that  a  unit  of  attraction  will 
attract  a  similar  unit,  and  that  similar  units  of  repul- 
sion will  repel  mutually.     It  is  more  diflScult  to  con- 
ceive why  a  unit  of  repulsion  is  attracted  by  a  unit  of 
attraction;  however,  it  is  manifest  that  upon  union  of 
positives   and   negatives    depends    the   equilibrium    of 
matter  and  force  in  their  relation  to  space.     Union  of 
positivities   is  a    union  without  uniform  shape;  union 
between  positivities  and  negativities  results  in  spherical 
fotms  having  common  polar  characteristics,  and  common 
properties,    differentiating    only    in   quantitative    and 
qualitative  potentials.     A  unit  of  negativity  being  re- 
pelled by  similar  units  will  seek  union  with  units  of 
po.sitivity  where  there  is  attraction.     The  fundamental 
law  of  attraction  and  repulsion  is  formulated  as  follows: 
IJnils  of  attraction  {positivities)  mutually  attract ;  units 
^repulsion  {negativities)  mutually  repel \   and  units  of 
tltltaction  and  repulsion  are  attracted,  mutually  neutral- 
i-ed,  and  in  maximum-contact  are  at  zero  potential. 
This  law,  however,   is   subject  to  the  equilibrium   of 
lufttter  and  force  in  relation   to  space;    and  the  first 
tiftctor  of  the  law  (units  of  attraction  mutuall}'  attract) 
is  modified   by  the  impenetrability  of  induced  fields  of 
jHvsilive  potentials. 

iClciuentarj'  forces  are  classfied  as  follows  (Fig.  4): 
/.  Attraction  between  positives — inherent  concen- 

irativcness. 

J,   Repulsion  between  negatives — inherent  diflFusi- 

hility. 

J.  Attraction  between   positives  and  negatives— 

ihe  principle  of  equilibrium. 

ludiiced   potentials    by   the    property   of  impenetra- 
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bility  oppose  attraction  between  positives,  and  assist 
repulsion  between  negatives.  Attraction  between  pos- 
itives and  negatives  may  result  in  neutralization  of 
primar}'  potentials  thus  causing  the  disappearance  of 
induced  potentials 

24.  The  finite  cannot  comprehend  the  infinite.  How- 
ever, the  finite  can  take  a  representative  part  of  the 
infinite,  and  examine  the  laws  and  conditions  pertaining 
thereto  which  then  can  be  applied  to  the  infinite.  If  in 
a  given  definite  space  there  is  a  given  quantity  of 
matter,  which  when  in  the  solid,  liquid  or  gaseous 
state,  is  not  sufficiently  large  to  fill  the  space,  but 
which  in  the  tenuous  or  ether  state  is  too  large  to  oc- 
cupy the  space,  then  the  matter  must  be  adjusted  in  the 
several  states  of  aggregation  and  tenuit\'  so  that  its 
bulk  corresponds  with  the  dimensions  of  the  space.  It 
is  evident  that  any  change  in  the  state  of  matter  taking 
place  in  one  part  of  the  space  will  produce  an  opposite 
change  in  another  part  (§  205).  We  have  only  to  make 
the  space  and  matter  infinite  in  dimensions  and  quan- 
tity to  form  a  conception  of  the  transmutations  that 
are  occurring  in  the  various  states  of  matter  in  the 
universe.  Natural  processes  therefore  consist  of  re- 
ciprocal phenomena.  For  instance,  if  an  atom  of  hydro- 
gen on  the  surface  of  the  earth  were  reduced  to  ether, 
concurrently,  somewhere  in  space,  under  proper  coudi- 
tions  of  pressure,  the  proper  quantit}'  of  ether  would 
be  condensed  to  a  hydrogen  atom,  or  condensation  of 
equivalent  potential  would  take  place. 

25.  Relation  of  Ether  to  Force.  Ether  is  not  force, 
but  all  potential  forces  have  corresponding  ether  con- 
ditions, and  all  kinetic  forces  produce  ether  changes 
(§  14,  §  41).  Ether  is  the  medium  through  which  force 
is  transformed.     Thus  chemic  potential  is  changed  into 


44 


ELECTRO-CHEMISTRY  AND  ELECTRO- PHYSICS 


§26 


heat  or  electritity,  not  by  a  change  in  the  character  of 
chetnic  atoms,  but  by  lessening  the  indnced  polariza- 
tion of  ether  in  the  molecular  fields  by  a  partial  neu- 
tralization of  the  potential  of  molecules  bj'  chemic 
rearrangement,  or  by  lessening  the  amount  of  free 
ether  in  the  interspaces  (Fig.  5).  It  is  this  ether 
whose  potential  of  polarization,  or  potential  of  place- 
ment, manifests  itself  in  another  direction,  and  which 
is  then  known  as  another  force.  A  potential  is  rela- 
tive, it  being  more  or  less  according  to  the  standard  of 
zero.  When  measured  by  the  standard  of  an  ether 
molecule  all  ponderable  molecules  have  potentials. 
The  equilibrium  existing  between  the  different  kinds 
of  matter  is  zero,  and  is  a  standard  that  varies  in  dif- 
ferent conditions  and  at  different  places.  The  ether 
has  a  potential  when  its  atoms  are  separated  as  in  an 
electric  charge,  or  when  polarized  in  an  induced  field 
of  a  chemic  or  electric  potential.  Owing  to  its  units 
being  in  maximum-contact,  with  minimum-distance 
between  neutralizing  portions,  the  free  ether  molecule 
has  no  potential,  although  it  may  be  acted  upon  by 
potentials  according  to  the  law  of  forces.  As  all  forces 
are  neutralized,  it  is  evident  that  distance  is  the  essen- 
tiality  of  potential. 

26.  Immolecular  Ether-Units.  Physical,  chemic  and 
electric  potentials  are  identical  forces,  having  the  same 
ultimate  units — the  properties  of  ether-atoms.  It  is 
true  that  electrification  is  simple,  and  physical  and 
chemic  energies  are  complex,  but  the  fundamental  laws 
of  each  are  those  of  repulsion  and  attraction.  If,  then, 
they  are  identical  forces,  being  governed  by  the  same 
laws,  having  the  same  unit  forces,  it  is  evident  that  a 
study  of  the  phenomena  of  the  one  will  give  us  a 
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knowledge  of  the  fundamental  laws  of  the  complicated 
phenomena  of  the  others. 

Immolecular  ether-units  give  character  to  the  mul- 
tiplicity of  the  affinities  of  molecules  and  chemic 
atoms,  the  affinities  depending  on  the  relative  num- 
ber of  positive  and  negative  units  in  the  construction 
of  a  molecule  or  atom.  Chemic  atoms,  being  representa- 
tions of  positive  and  negative  units,  are  thus  capable 
of  combining  to  form  molecules  of  chemically  ele- 
mentary matter,  a  fact  which  is  impossible  in  the  case 
of  similar  units  of  ultimate  matter — ether.  Thus  two 
hydrogen  atoms  unite  to  form  a  molecule,  and  two 
oxygen  atoms  unite  in  like  manner.  Immolecular 
units  characterize  the  vibration  of  molecules;  thus 
metallic  oxides  have  about  equal  positivities  and  nega- 
tivities in  their  molecular  construction  and  their  mole- 
cules vibrate  slightly  and  are  poor  conductors;  on  the 
contrary,  the  pure  metals,  having  a  large  majority  of 
similar  units,  vibrate  freely  and  are  good  conductors. 

The  molecule  is  the  physical  unit.     It  is  composed  of 
constituents  of  positive  and   negative  units   identical 
with  ether-uuits,  which,  by  relative  numerical  propor- 
Htions,  by  absolute  numbers,  and  by  relative  placement, 
^■ttesent  distinctive  molecular  qualities  of  incalculable 
^^rilriety.     The  molecule  w^hen  not  distorted  by  extrane- 
I      ous  forces  assumes  the  globular  form.     It  has  the  prop- 
B  erty  of  assuming  differential  poles.     The  potential  of 
the  molecule  is  represented  by  induction  in  a  polarized 
field  which  surrounds  the  molecular  body  (§  19).     The 
tridimensional  space  within  the  circumference  of  the 
induced  field  is  the  free  or  vibratory  space  of  the  mole- 
cule.    There  are  no  free  spaces  withiu  the  molecular 
construction. 

The  molecule  of  ether  consists  of  two  units,  has  no 
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potential  and  no  induced  field;  the  molecule  of  ponder- 
able matter  varies  in  number  of  units  from  three  in  the 
elementary  condensations  to  millions,  perhaps  trillions, 
of  units  in  the  complex  organic  molecule.  The  poten- 
tial of  a  complex  molecule  is  quantitative  and  qualita- 
tive, depending  on  the  number,  quality  and  relative 
placement  of  units  in  its  coustruction. 

Within  the  molecular  construction  there  are  groups 
of  units  which  under  the  influence  of  polar  attractions 
of  other  molecules  dissociate.  These  groups  of  units 
have  been  called  cheniic  atoms.  As  bodies,  these 
groups  have  no  distinct  entities  within  molecules,  and 
have  no  induced  polarized  fields.  When  a  molecule  is 
dissociated  by  heat  or  decrease  of  pressure  it  breaks 
up  into  smaller  molecules  of  definite  potentials  and 
induced  fields.  These  subniolecules  may  be  identical 
with  the  groups  of  units  named  cliemic  atoms.  The 
chemic  atom  preserves  its  unity  by  virtue  of  the  rela- 
tive placement  of  the  units  in  its  construction  and  by 
the  relative  position  that  the  atom  or  group  of  units 
occupies  in  the  molecular  construction,  the  immolecular 
attractions  and  the  exmolecular  attractions  of  an  ad- 
joining molecule  being  governed  by  the  law  of  forces 
(§  27).  A  chemic  atom  therefore  maintains  its  chemic 
unity  under  ordinary  variations  of  pressure  and  tem- 
perature. However,  there  is  no  doubt  but  there  are 
degrees  of  tenuity  in  which  the  chemic  atom  is  disso- 
ciated into  smaller  groups  of  units. 

27.  In  a  complex  molecule,  as  shown  by  the  property 
of  differentiating  its  poles,  there  are  distances  between 
the  majority  of  the  positivities  aud  the  majority  of  the 
negativities  which  are  important  factors  in  the  neutral- 
ization of  the  forces  of  the  molecule;  it  is  onlv  in  an 
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cbemic  atoms  within  the  molecule  may  be  less  than 
the  standard  of  equilibrium. 

6.  Immolecular   Neutralization.     The   number    of 
positive  and  negative  units  that  neutralize  each  other 
within  the  molecule,  and  are  not  disturbed  by  ex- 
molecular  forces,  is  embraced  under  this  term. 
The  potential  of  the  molecule  may  be  attracted  by 
the  potentials  of  neighboring  molecules,  as  manifested 
in  osmosis  or  diffusion,  these  being  forms  of  polar  or 
inductive  attraction  without  chemic  action. 

Polar  potentials  may  be  attracted  and  the  molecules 
fixed  by  other  polar  potentials  without  any  chemic  dis- 
sociation as  manifested  by  the  properties  of  cohesion, 
rigidity,  etc.  Cohesion  has  two  forms :  Attraction 
between  polar  potentials  of  different  quality,  as  in 
gutta-percha,  glass,  etc. ;  and  attraction  between  posi- 
tive potentials,  as  in  water,  metals,  etc. 

It  is  obvious  that  neutralization  by  exmolecular 
forces  will  not  represent  the  total  number  of  units  in 
the  molecular  construction.  The  immolecular  forces 
under  all  conditions  will  to  some  extent  be  self-neu- 
tralizing, and  this  immolecular  neutralization  is  not 
measured  by  extrinsic  forces.  This  form  of  neutral- 
ization may  be  a  factor  in  differentiating  the  weight 
of  elements  in  relation  to  bulk. 

28.  Gravity  Potential  or  Gravitation.  The  law  of 
gravitation  has  been  defined  as  follows:  "  Every  particle 
of  matter  in  the  universe  attracts  every  other  particle 
with  a  force  whose  magnitude  is  directly  as  the  product 
of  their  masses,  and  inversely  as  the  square  of  their 
distance  from  each  other.*'  This  is  incorrect.  All 
bodies  do  not  attract  each  other,  two  molecules  or 
masses  of  oxygen  do  not  attract  each  other  (§  33);  and 
the  author  believes  that  no  two  electro-negatives  mu- 
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tually  attract,  although  they  may  approach  each  other 
by  being  attracted  towards  a  common  center  by  another 
potential.     The   definition   eliminates    repulsion    from 
being  an  inherent  property  of  matter  and  leaves  attrac- 
tion  as  the  only  fundamental   principle.     If  the  law 
were   correct  as   stated,  gravitation  would   act  on  all 
matter  quantitatively  and  qualitatively  alike;  but  it  is 
plain   that    solids    must  be    preponderatingly  electro- 
positive as  the  elements  of  the  atmosphere  are  electro- 
negative.    Furthermore,  attraction   between   bodies  is 
modified  by  the  character  of  media.     Newton  framed 
his  law  in  reference  to  planets  whose  medium  is  con- 
stant, but  intraplanctary  bodies  have  changeable  media. 
Obviously  there  are  in  existence  an  equal  number  of 
positive  and  negative  units  of  matter.     In  the  simple 
form  of  matter — ether — this  equilibrium  is  preserved 
throughout  space.     In  the  more  complex  form,  taking 
the  states  individualU-,  this  equilibrium  does  not  exist, 
the  atmosphere  being  almost  wholly  composed  of  elec- 
tro negatives.     Hydrogen  is  the  onh'  common  chemical 
element  which  is  electro-positive  and  gaseous  in  charac- 
ter, and  its  quantitatively  minute  molecule  is  significant 
of  a  universal    principle.      Electro-positive  molecules 
quantitatively   as  large   as   the  oxygen  molecule   are 
solid,  as,   for  instance,  carbon,   which  is   less  positive 
than  hydrogen,  and  less  in  atomic  weight  than  oxygeji. 
These  facts  are  not  consistent  with  the  above  defini- 
tion of  gravitation,  and  they  prove  that  gravitation — 
attraction — does  not  universally  affect  matter  alike. 

If  gravitation  acted  on  all  matter  alike,  condensation 
of  the  electro-negative  units  would  take  place  simul- 
taneously with  electro-positives.  It  is  apparent  that 
the  principle  of  concentrativeness  inherent  in  positive 
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units  is  an  important  factor  in  the  attraction  between 
masses. 

In  formulating  ultimate  laws  of  force  the  following 
factors  have  to  be  considered :  (i)  The  inherent  coii- 
centrativeness — attraction — of  positive  units;  {2)  the 
inherent  diffusibility — repulsion — of  negative  units  ; 
and  (3)  the  attraction  between  the  positive  and  nega- 
tive units. 

/.  The  property  of  concentrativeness  inherent  iu 
the  positive  ether  atoms  accounts  for  some  unex- 
plained phenomena  which  iu  a  general  way  are 
embraced  under  the  terra  gravitation.  It  explains 
why  the  masses  of  solids  are  composed  largely  of 
electro-positive  elements,  a  fact  which  gravitation  as 
at  present  formulated  does  not. 

Positive  concentrativeness  modifies  the  law  of  un- 
likes  attracting  and  likes  repelling.  There  can  be 
no  repulsive  principle  inherent  in  positive  units  if 
the  inherent  property  is  concentrativeness;  but  the 
facts  that  heretofore  have  beeu  explained  b}'  positive 
repelling  positive  can  be  fully  explained  by  unlikes 
attracting,  as  where  there  are  free  positive  units 
there  are  also  somewhere  in  the  environment  free 
negative  units,  so  that,  when  two  positively  charged 
bodies  separate,  they  do  so  by  the  attraction  existing 
between  the  negative  and  the  positive  charges  on 
proximate  bodies ;  moreover,  mutual  repulsion  of 
positively  charged  bodies  or  of  positive  molecules  is 
caused  by  the  impenetrability  of  ike  itiduced  fitlds  of 
positive  potentials. 

2.  The  diffusibility  of  negative  units  tends  to  make 
all  the  electro-negative  elements  diffuse  throughout 
space.  It  is  the  most  important  factor  iu  maintain- 
ing gaseous  conditions.     It  is  owing  to  this  property 
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that  the  atmosphere  is  almost  exclusively  composed 
of  electro-negatives  such  as  oxygen  and  nitrogen. 
It  accounts  for  the  fact  that  the  molecules  of  these 
elements  are  gases  although  comparatively  quanti- 
tatively large.  Owing  to  the  diffusibilit\'  of  electro- 
negatives,  and  the  coucentrativeness  of  electro-posi- 
tives, the  gaseous  elements  in  a  Crookes  tube  consist 
of  comparatively  large  negativities  and  compara- 
tively small  positivities  (§  143),  and  these  facts 
illustrate  a  uniform  principle,  as  shown  by  the  rela- 
tive size  of  oxygen  and  hydrogen  molecules. 

Negative  diftusibilit}-  fundamentally  must  be  an 
active  repulsive  force,  which  is  demonstrated  by  the 
remarkable  phenomenon  of  the  cathode  rays  in  a 
Crookes  tube  proceeding  in  straight  lines  independ- 
ently of  the  position  of  the  anode.  This  fact,  iso- 
lated in  character,  can  be  explained  on  no  other 
hypothesis  than  on  that  of  there  being  an  inherent 
principle  of  repulsion  in  negative  ether  atoms  (§  23). 

J.  It  is  clear  that  the  principle  of  coucentrativeness 
in  positivities  and  of  diflfusibility  in  negativities  tend 
to  separate  matter  iuto  two  grand  divisions.  This 
catastrophe  is  prevented  by  the  principle  of  attraction 
existing  between  the  positive  and  negative  units. 
The  principle  embraces  chemic  affinity,  and  is  also 
a  factor  in  the  production  ot  the  phenomenon  of 
diffusion  of  gases  and  liquids.  The  principle  there- 
fore is  manifested  without  chemic  disturbance  taking 
place.  Whether  the  principle  of  attraction  as  exist- 
ing between  positives  and  negatives  resides  entirely 
in  positive  elements,  or  whether  it  belongs  to  posi- 
tivities and  negativities,  is  perhaps  practically  in- 
solvable.  It  is  reasonable  to  conclude  that  a  positive 
unit  represents,  and  represents  only,  a  unit  principle 
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of  attraction,  and  it  is  inconceivable  that  the  prin- 
ciple of  repulsion  could  be  represented  with  its 
opposite  ill  the  same  ultimate  unit.  When  a  posi- 
tively charged  body  moves  towards  a  negatively 
charged  body,  it  is  because  the  negative  is  so  fixed 
that  it  cannot  move,  or  requires  relatively  more  force 
to  move  towards  the  positive.  The  latter  will  move 
by  its  own  inherent  attraction  towards  the  former. 
Attraction  existing  between  positives  and  negatives 
must  be  greater  than  that  between  two  positives  as 
represented  by  the  concentrativeness  of  the  latter,  as 
positives  will  leave  other  positives  and  unite  with 
negatives.  Further,  the  repulsive  principle  inher- 
ent in  negativities  by  mutual  repulsion  assists  the 
union  of  negativities  and  positivities.  Hence  the 
sphere  of  action  of  the  fundamental  principle  attrac- 
tion embraces  negativities;  but  the  attraction  between 
positives  and  negatives  depends  on  factors  that  main- 
tain an  equilibrium  of  the  different  states  of  matter 
(§24,  §  21 )  and  their  forces  in  relation  to  space.  This 
form  of  attraction  is  the  equilibration  of  opposites 
which  seek  zero-potential. 

29.  Primary  elementary  forces,  as  manifested  in  pos- 
itive and  negative  molecules  of  gases,  are  diagrani- 
matically  illustrated  in  the  accompanying  figure. 

Fig.  6,  shows  positive  molecules  as  having  small 
ponderable  masses — the  inner  circles — large  inductive 
potentials  and  large  induced  areas — the  outer  circles — 
and  these  in  contact  with  slight  distortion  ;  and  nega« 
tive  gases  as  having  large  molecular  ponderable  masses, 
small  inductive  potentials,  and  small  induced  areas 
with  slight  distortion.  The  tridimensional  space,  oc- 
cupied by  the  ponderable  molecule,  the  induced  field 
and  interspace,  is  dimensionally  equal  in  all  molecules 
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tft  Fig.  6. 

Rrpresentatious  of  electro- ucgative  aud  electropositive  molecules  of  gases  : 
A,  positive  ponderable  molecule  ;  B,  negative  ponderable  molecule  ;  C, 
D.  induced  gelds  of  positive  and  negative  molecuk-s  ;  e,  free  inter- 
spaces;  F,  overlapping  of  positive  and  negative  induced  fields;  c, 
distDrlion  of  fields  showing  impenetrabilityof  similar  potentials.  Their 
special  occupancies  arc  equal  in  dimensions. 
of  gases  under  like  conditions  of  pressure  and  tem- 
perature (Avogadro's  law),  aud  may  be  termed  the 
moleatlar  space. 

■  The  deduction  has  been  made  (§  23),  (Fig.  5)  that 
positive  bodies  repel  each  other,  but  they  repel  ouly 
to  the  extent  of  their  induced  fields.  When  the  in- 
duced fields  ot  positivities  are  considered  as  parts  of  the 

H    molecules  or  electrically  charged  bodies,  there  can  be 
^    no  repulsion  between  them  ;  on  the  contrary,  there  is 
—^  attraction  as  manifested  by  cohesion  of  positive  mole- 
y  cules.     The   mutual    repulsion    of  positivities   to   the 
extent  of  their  induced  fields  is  not  repulsion  in  prin- 
ciple but  rests  on  the  impenetrability  of  force,  /.  ^,,  a 
positive  potential  occupying  an  induced  magnetic  field 
prohibits  the  occupation  of  the  field  by  another  poten- 

■  tial  of  the  same  character  (Fig.  5).  The  field  can  be 
distorted,  or  the  potetential  can   be  neutralized   by  a 
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potential  of  opposite  character,  but  it  is  impenetrable 
to  a  like  force.  The  distortion  must  vary  directly  as  the 
molecular  weights^  supported  by  positive  inductive  poten- 
tials ^  and  opposed  by  negative  inductive  potentials.  The 
electric  or  magnetic  analogue  of  molecular  distortion  is 
indicated  in  Fig.  37,  b. 

The  negative  induced  fields  are  also  impenetrable, 
and  the  inherent  repulsion  of  negative  iinits  mutually 
react  inversely  proportional  to  the  square  of  distance. 
In  the  induced  fields  the  ether  is  polarized;  in  the 
spaces  between  the  induced  fields  (in  gases)  there  is 
depolarized  or  free  molecular  ether  wliere  there  is  little 
or  no  distortion.  These  are  named  molecular  inter- 
spaces. Between  the  induced  fields  of  positive  molecules 
of  medium  or  great  molecular  weight  there  is  little  or 
no  interspace,  as  the  inherent  principle  of  these  mole- 
cules is  attraction,  consequently  these  are  solids  or 
liquids.  Between  the  induced  fields  of  negative  mole- 
cules of  large  molecular  weights  there  is  little  or  no 
interspace,  because  the  molecular  weights  approximate 
the  molecules,  thus  distorting  the  fields  and  lessening 
or  eliminating  the  interspace,  consequently  negatives 
of  large  molecular  weights  are  solids  or  liquids.  Be- 
tween positive  and  negative  molecules  the  induced 
fields  overlap,  there  being  more  or  less  neutraliza- 
tion of  the  induced  force.  If  the  attraction  between 
the  positive  and  negative  is  sufficiently  strong,  chemic 
reaction  takes  place.  The  attraction  and  partial  neu- 
tralization of  induced  forces  without  chemic  reaction 
between  the  primary  potentials  explains  the  phenomena 
of  solubility,  diffusion  and  osmosis. 

Hydrogen  uuites  with  oxygen  and  other  negatives 
becau.se  of  opposite  quality,  with  increased  immolecular 
neutralization,  decreased  molecular  potential,  decreased 
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area  of  the  induced  fields,  and  accompanied  with  the 
emission  of  heat.     Hydrogen  unites  with  carbon  with 
increased  molecular  weight,  thus  distorting  the  induced 
fields   and   eliminating   ether    from   the   interspaces ; 
when  united  there  are  polar  attractions,  but  the  differ- 
ential   induced   areas    (distortion)    are   the    important 
factors  in  the  union;  in  organic  matter  the}'^  often  act 
as  one  atom,  a  radical.     Hydrogen  has  no  affinity  for 
the  heavier  metals  because  of  similar  quality,  and  be- 
cause the  heavier  elements  have  their  molecular  fields 
distorted  to  the  fullest  extent.     Negatives  unite  with 
negatives  with  increased  distortion  of  the  induced  fields, 
resulting  from   the   increased  molecular  weights,  and 
with  the  evolution  of  heat,  even  oxygen  burning  in  its 
own  atmosphere  {§  203)  but  requiring  extrinsic  initia- 
tory force.     The  induced  fields  of  positive  and  negative 
molecules  are  directly  proportional  to  their  inductive 
potentials,  but,  there  being  attraction  between  positives 
and    repulsion    between    negatives,    it    is    clear    that 
fields  will  differ  as  to  the  degree  of  distortion  for  equal 
potentials    of  different    qualities,    under    like    condi- 
tions  of  pressure    and    temperature.     As    the  degree 
of  distortion   is   an   important    factor    in    determining 
the  physical  state   of  matter,   it    is    evident  that  the 
molecular  quality  (positive  or  negative)  of  matter  by 
increasing    or    diminishing   the   distortion    is    also   a 
factor.     Density   depends    not    only    on    distortion    of 
the  constituent  units  of  the  ponderable  molecule,  but 
also   upon   distortion   of  the   molecular  induced  field, 
and  the  latter  may  take  place  to  the  extent  ot  elim- 
inating the  free  interspace.     It  is  obvious  that  as  in 
positive  molecules  the  other  factors  of  distortion  are 
assisted  by  the  attraction  of  the  molecular  potentials, 
and  that  as  in  negatives  the  other  factors  of  distortion 
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are  opposed  by  repulsion  of  molecular  potentials,  there 
are  differentiated  degrees  of  distortion  and  differentiated 
interspaces,  and  consequently  differentiated  degrees  of 
density  in  matter,  depending  upon  the  positive  or 
negative  quality  of  molecules.  Furthermore,  as  grav- 
itating potential  varies  with  density,  it  is  conclusive 
that  the  positivity  or  negativity  of  the  molecular  poten- 
tial will  determine  the  degree  of  gravitating  potential. 
Clearly  positive  molecules  have  a  tendency  towards  solid, 
and  negative  molecules  toward  gaseous  conditions. 

Gravitation,  however,  is  not  alwa5's  proportional  to 
density.  It  is  conceivable  that  within  the  molecule 
there  are  different  relative  placements  of  the  units 
whereby  immolecular  neutralization  varies,  and  it  is 
evident  that  forces  neutralized  witliin  the  molecule 
cannot  be  measured  by  extrinsic  potentials.  A  very 
light  metal  may  have  more  units  in  its  molecule  than 
a  very  heavy  one;  aluminum  may  have  more  immolec- 
ular units  than  iron,  the  difference  being  in  the  relative 
placements,  whereby  surface-contact  of  neutralizing 
units,  and  the  relative  amounts  of  intrinsic  and  ex- 
trinsic neutralization  vary.  Obviously  there  is  dis- 
tortion of  the  unit  from  a  hemispherical  form  as  in  the 
ether  molecule  to  a  variety  of  forms  in  the  ponderable 
molecule,  and  there  is  distortion  of  the  induced  field  in 
proportional  degrees  (Fig.  6).  Consequently  density 
is  directly  proportional  to  distortion,  and  it  follows  that 
distortion  being  more  in  positives  than  in  negatives, 
owing  to  their  inherent  properties  of  attraction  and 
repulsion,  that  positives  will  incline  to  density  and 
negatives  to  rarefaction.  Putting  aside  the  factor  of 
immolecular  neutralization,  gravitation  is  in  direct  pro- 
portion to  density,  and  consequently  acts  on  positives 
more  than  on  negatives.     The  principle  of  distortion 
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diflFerentiating  in  positive  aud  negative  elements  ex- 
plains why  only  relative!}'  small  positive  molecules 
assume  the  gaseous  state.  However,  in  the  primordial 
arrangement  of  units  it  is  evident  that  the  inherent 
attraction  of  positives  would  lead  to  concentrativeness 
as  in  solids,  and  the  inherent  repulsion  of  negatives 
would  lead  to  diffusibility  as  in  gases,  independently  of 
the  distortion  and  density  which  follow  the  molecular 
condition. 

Changes  in  molecular  potentials  wnll  affect  the  in- 
termolecular  ether  as  follows : 

/.  Reactions  between  positives  and  negatives  in- 
crease immolecular  neutralization,  decrease  the  ether 
in  polarized  fields,  producing  ether-radiation. 

2.  Reactions  between  negatives  add  to  molecular 
weights,  increase  distortion  of  induced  fields,  ether 
radiating  from  free  interspaces. 

J.  Reactions  between  positives  add  to  molecular 
weights,  increase  distortion  of  induced  fields,  ether 
radiating  from  free  interspaces. 

4.  Changes  from  solids  to  liquids,  and  from  liquids 
to  gases,  lessen  the  distortion  of  the  induced  fields 
and  increase  the  ether  in  the  free  interspaces. 

5.  Changes  from  gaseous  state  to  liquid,  and  from 
liquid  to  solid,  increase  distortion  of  induced  fields, 
with  ether-radiation  from  free  interspaces. 

6.  Decrement  of  pressure  or  increase  of  tempera- 
ture produces  effects  in  the  following  order :  Increased 
dimensions  of  the  interspaces ;  dissociation  of  mole- 
cules or  rearrangement  of  atoms,  with  increased 
molecular  potentials  and  increased  dimeusions  of  in- 
duced fields.  These  changes  are  accompanied  with 
absorption  of  ether. 

7.  The  changes  may  be  more  or  less  associated, 
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and  may  support  or  annul  each  other  in  their  effects. 
The  effects  also  may  be  modified  b}'  the  interspaces 
being  previously  encroached  upon  by  distorted  in- 
duced fields. 

30,  Gravitation  has  been  defined  as  a  gravity  poten- 
tial, and  as  the  sum  of  the  positive  and  negative  units 
of  the  molecule  attracted  by  the  positive  inductive 
potential  of  the  earth,  divided  by  the  sum  of  the  units 
neutralized  within  the  moiecular  space.  It  is  evident 
that  units  immolecularly  neutralized,  or  neutralized 
within  the  molecular  space,  and  without  weight,  have 
an  equilibrated  position  outside  of  the  earth's  sphere 
(except  where  they  fill  the  interspaces  of  equilibrated 
ponderable  matter).  Hence  molecular  ponderable  units 
are  in  a  position  as  if  placed  in  a  vacuum — the  mo- 
lecular space — which,  when  of  suflficient  dimensions, 
will  carry  them  upwards.  Each  ponderable  molecule 
is  like  a  weight  inside  of  a  balloon.  The  specific 
gravity  of  matter  depends  on  the  relativity  of  its  molec- 
ular quotient.  The  following  law  governs  attraction 
and  repulsion:  Forces  react  in  inverse  proportion  to  the 
square  of  their  distance  asunder.  Gravitation  has  two 
factors:  (i)  The  concentrativeness  or  mutual  attrac- 
tion of  positive  ether-units;  and  (2)  the  attraction 
between  positive  and  negative  units,  or  the  force  of 
equilibration. 

Within  a  molecule  are  placed  a  number  of  positive 
and  negative  units.  As  the  molecule  is  a  sphere  with 
the  property  of  polar  differentiations  (§  26),  there  are 
distances  between  the  majority  of  the  positivities  and 
the  majority  of  the  negativities  which  are  factors  in 
determining  which  force  takes  possession  of  the  im- 
molecular  units.  Whether  the  forces  of  the  earth 
neutralize  these  units,  or  whether  they  are  neutralized 
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within  the  molecule,  is  determined  according  to  the 
law  of  the  reaction  of  forces  as  above  stated.  The  pos- 
itivities  of  the  molecule  and  the  positivities  of  the  earth 
are  mutually  attracted  bj^  inherent  concentrativeness, 
and  the  negativities  of  the  molecule  are  attracted  by 
the  positivities  of  the  earth,  but  these  attractions  are 
alwaj'S  governed  by  the  law  as  above  defined. 

In  a  free  ether  molecule  the  atoms  are  in  maximum- 
contact  with  minimum-distance,  hence  their  properties 
are  completely  neutralized  within  the  molecule,  and 
distance  is  largely  eliminated  as  a  factor  in  the  law  of 
forces.  In  a  complex  molecule  neutralization  of  units 
is  incomplete  because  each  individual  unit  is  not  in 
maximum-contact  with  one  of  opposite  qualit3\  It  is 
estimated  that  the  molecule  of  hydrogen  contains  six 
thousand  units,  and  it  has  differential  poles,  and  as 
attraction  between  bodies  is  inversely  as  the  square  of 
their  distance,  it  is  impossible  for  complete  immolec- 
ular  neutralization  to  take  place  in  the  presence  of  the 
forces  of  the  earth.  If  oxygen  is  added  to  hydrogen, 
part  of  their  forces  are  mutually  neutralized,  but  im- 
molecular  distances  prevent  complete  neutralizatiou, 
therefore  the  forces  of  both  are  largely  under  the  influ- 
ence of  the  immense  positivity  of  the  earth.  Hence 
the  relatively  immense  and  incompletely  neutral- 
ized forces  of  the  earth  attract  all  incompletely 
neutralized  forces  within  a  lesser  body,  or  within  a 
molecule,  and  the  standard  of  the  conditions  under 
\which  complete  immolecular  neutralization  takes  place 
[are  those  of  an  ether  molecule.  A  complex  molecule  of 
matter  with  an  equal  number  of  positive  and  negative 
units  in  its  construction  would  neutralize  its  own  forces 
lif  apart  from  the  larger  mass  of  the  earth;  but  when 
within  the  earth's  sphere  the  forces  of  the  larger  mass 
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and  may  support  or  annul  each  other  in  their  effects. 
The  effects  also  may  be  modified  by  the  interspaces 
being  previously  encroached  upon  b}'  distorted  in- 
duced fields. 

30.  Gravitation  has  been  defined  as  a  gravity  poten- 
tial, and  as  the  sum  of  the  positive  and  negative  units 
of  the  molecule  attracted  by  the  positive  inductive 
potential  of  the  earth,  divided  by  the  sum  of  the  units 
neutralized  within  the  molecular  space.  It  is  evident 
that  units  immolecularly  neutralized,  or  neutralized 
within  the  molecular  space,  and  without  weight,  have 
an  equilibrated  position  outside  of  the  earth's  sphere 
(except  where  they  fill  the  interspaces  of  equilibrated 
ponderable  matter).  Hence  molecular  ponderable  units 
are  in  a  position  as  if  placed  in  a  vacuum — the  mo- 
lecular space — which,  when  of  sufficient  dimensions, 
will  carry  them  upwards.  Each  ponderable  molecule 
is  like  a  weight  inside  of  a  balloon.  The  specific 
gravity  of  matter  depends  on  the  relativity  of  its  molec- 
ular qtiotienl.  The  following  law  governs  attraction 
and  repulsion :  Forces  react  in  inverse  proportion  to  the 
square  of  their  distance  asunder.  Gravitation  has  two 
factors:  (i)  The  concentrativeness  or  mutual  attrac- 
tion of  positive  ether-units;  and  (2)  the  attraction 
between  positive  and  negative  units,  or  the  force  of 
equilibration. 

Within  a  molecule  are  placed  a  number  of  positive 
and  negative  units.  As  the  molecule  is  a  sphere  with 
the  property  of  polar  differentiations  (§  26),  there  are 
distances  between  the  majority  of  the  positivities  and 
the  majority  of  the  negativities  which  are  factors  in 
determining  which  force  takes  possession  of  the  im- 
molecular  units.  Whether  the  forces  of  the  earth 
neutralize  these  units,  or  whether  they  are  neutralized 
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within  the  molecule,  is  determined  according  to  the 
law  of  the  reaction  of  forces  as  above  stated.  The  pos- 
itivities  of  the  molecule  and  the  positivities  of  the  earth 
are  rautuall}'^  attracted  by  inherent  concentrativeness, 
and  the  negativities  of  the  molecule  are  attracted  by 
the  positivities  of  the  earth,  but  these  attractions  are 
always  governed  by  the  law  as  above  defined. 

In  a  free  ether  molecule  the  atoms  are  in  maximum- 
contact  with  minimum-distance,  hence  their  properties 
are  completely  neutralized  within  the  molecule,  and 
distance  is  largely  eliminated  as  a  factor  in  the  law  of 

^forces.  In  a  complex  molecule  neutralization  of  units 
is  incomplete  because  each  individual  unit  is  not  in 
maximum-contact  with  one  of  opposite  quality.  It  is 
estimated  that  the  molecule  of  hydrogen  contains  six 

^thousand  units,  and  it  has  differential  poles,  and  as 
attraction  between  bodies  is  inversely  as  the  square  of 
their  distance,  it  is  impossible  for  complete  immolcc- 
ular  neutralization  to  take  place  in  the  presence  of  the 
forces  of  the  earth.  If  oxygen  is  added  to  hydrogen, 
part  of  their  forces  are  mutually  neutralized,  but  im- 
raolecular  distances  prevent  complete  neutralization, 
therefore  the  forces  of  both  are  largely  under  the  iuflu- 
ence  of  the  immense  positivity  of  the  earth.  Hence 
the  relatively-  immense  and  incompletely  neutral- 
ized forces  of  the  earth  attract  all  incompletely 
neutralized  forces  within  a  lesser  body,  or  within  a 
molecule,  and   the   standard  of  the   conditions   under 

^mw/ticA  complete  immolecular  neutralization  takes  place 
are  those  of  an  ether  molecule.  A  complex  molecule  of 
matter  with  an  equal  number  of  positive  and  negative 
units  in  its  construction  would  neutralize  its  own  forces 
if  apart  from  the  larger  mass  of  the  earth ;  but  when 

^within  the  earth's  sphere  the  forces  of  the  larger  mass 
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take  possession  of  the  incompletely  neutralized  positiv- 
ities  and  negativities  of  the  smaller  body.  Heuce  a 
meteor  is  chiefl}-  attracted  toward  the  earth  :  (i)  by  the 
positive  attraction  between  the  meteor  and  the  positiv- 
ities  of  the  earth,  and  (2)  by  mutual  attraction  between 
the  positivnties  of  the  one  and  the  negativities  of  the 
other.  An  electro-negative  meteor  is  an  impossibility, 
and  even  if  found  it  could  only  reach  the  atmospheric 
circumference  where  it  would  be  diffused  in  a  similar 
manner  to  a  residual  gas  in  a  Crookes  tube.  These 
bodies  might  have  an  electro-negative  atmosphere  be- 
fore reaching  the  sphere  of  the  earth.  The  relativity 
of  its  molecular  quotient  is  an  important  factor  in  the 
descent  of  the  meteor. 

Molecular  tveight  is  relative  gravitating  attraction, 
the  molecular  weight  of  hydrogen  being  the  unit.  In 
considering  the  relative  weight  of  substances  the  mo- 
lecular space  must  be  regarded  as  part  of  the  molecule. 
Thus  the  molecular  weight  of  hydrogen  depends  upon 
the  number  of  ponderable  units  within  its  molecular 
space,  but  the  ether  in  the  iudxiced  held  and  inter- 
space, and  the  intrinsically  neutralized  force  within  the 
ponderable  molecule,  have  no  weight.  Exmolecular 
neutralization,  divided  by  immolecular  neutralization 
or  neutralization  within  the  molecular  space,  gives  a 
quotient  of  molecular  weight. 

31,  Polar  or  Chemic  Potential.  Chemic  action  is 
polar  in  character.  Chemic  potential  is  the  amount  of 
exmolecularly  neutralizable  positivities  or  negativities 
concentrated  at  a  pole  of  the  molecule.  Chemic  reac- 
tions are  the  result  of  attraction  between  positive  and 
negative  units  at  the  opposing  poles  of  adjoining  mole- 
cules. Valenc3'  is  thus  explained.  The  intensity  of 
action  is  relatively  independent  of  gravitation  or  atomic 
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weight,  but  the  attraction  is  the  same  in  kind  to  the 
^fcxtent  that  gravitation  depends  on  the  attraction  be- 
tween positives  and  negatives. 

Molecuhir  weight  is  directly  proportional  to  the  sum 
>f  exmolecularly  neutralized  units  (positivities  and 
negativities,  chemic  potential  is  the  amount  of  force 
concentrable  at  a  molecular  pole,  and  its  intensity  de- 
pends upon  the  difference  between  the  sum  of  the 
molecular  positivities  and  the  sum  of  the  negativities. 
However,  a  molecule  having  equal  positivities  and  neg- 
ativities may  have  its  unit  forces  concentrated  at  its 
poles  by  an  equal  or  greater  potential  of  another  mole- 
cule. This  class  of  molecules  lias  weak  chemic  action 
which  is  passive  in  character,  therefore  chemic  polar- 
ities are  divided  into  active  and  passive  potentials. 
Polar  action  takes  place  according  to  the  law  of  forces. 
It  is  also  influenced  by  the  tendency  towards  an  es- 
tablishment of  a  physical  equilibrium  of  matter  in 
relation  to  space. 

32.  Inductive  Potential.     Inductive   potential   corre- 
j™sponds  with  active  chemic  potential.     It  is  represented 
^in  the  induced  field  and  polarizes  the  ether  within  the 
field.     When  part  of  the  inductive  potential  is  neutral- 
ized   by  chemic   action   a    corresponding  part   of  the 
polarized  ether  of  the  induced  field  is  set  free  and  radi- 
cates as  heat  or  becomes  an  electric  potential  or  current 
^^§  42).     Ether  is  polarized  in  the  field  because  it  is  the 
only  element   so  molecularly  minute  as  to  enter  the 
intermolecular  spaces,  and  its  polarization  accords  with 
the  law  of  forces. 
I  33.  Potential  of  Concentrativeness^  and  Potential  of 

^gDiffusibility.  All  forces  tend  towards  an  equilibrium. 
This  does  not  imply  that  force  tends  to  bring  all  matter 
to  the  same  physical  state,  but  to  adjust  the  states  of 
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matter  so  that  the  elementarj'  forces  are  balanced  m 
space.  The  equilibrium  is  diflferent  for  diflfereut  kinds 
of  matter  according  to  the  number  and  kind  of  ether 
units  in  its  molecular  construction.  A  potential  based 
on  an  equilibrium  of  matter  varies  according  to  its 
incidental  environment. 

The  potentials  of  concentrativeness  and  the  potential 
of  dififusibility  have  the  following  forms:  (i)  Mole- 
cules may  vary  from  the  equilibrium  in  the  number  of 
units  in  their  construction — increased  number  or  poten- 
tial of  concentrativeness  ;  decreased  number  or  potential 
of  diffusibility.  (2)  The  interspaces  may  vary  in 
dimensions — decreased  area  or  potential  of  concentra- 
tiveness; increased  area  or  potential  of  diffusibility. 

Extrinsic  forces  producing  modifications  of  pressure 
or  temperature  are  transformed  iuto  these  varieties  of  the 
potentials  of  concentrativeness  and  diffusibility.  Thus 
molecules  of  residual  gas  in  a  vacuum  tube  become 
submolecules,  or  smaller  molecules,  which  are  in  equi- 
librium ;  as  soon  as  the  air  is  allowed  to  enter  the  tube 
the  submolecules  have  a  potential  of  tenuity.  Mole- 
cules built  up  to  an  equilibrium  under  certain  conditions 
of  temperature  and  pressure  have  a  potential  of  con- 
centrativeness under  other  conditions;  for  instance, 
molecules  of  glucose  are  in  equilibrium  in  the  plant, 
but  when  in  the  circulation  of  the  auimal  organism 
they  have  a  potential.  Oxygen  molecules  have  in- 
ductive potential  and  a  potential  of  diffusibility  (I'igs. 
5,  6).  If  a  mass  of  o.\3'geu  is  compressed  to  a  liquid  there 
is  a  potential  of  concentrativeness,  The  iutermolec- 
iilar  spaces  have  been  encroached  upon  and  the  ether 
of  the  interspaces  has  been  forced  out  by  the  distortion 
of  the  induced  fields.  When  the  compression  is  with- 
drawn the  outer  molecules  of  the  liquid  fl}'  off,  and  this 
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process  is  continued  until  the  oxygen  regaius  its  equi- 
librium. To  the  inherent  force  of  repulsion,  and  to  the 
elasticity  of  the  induced  fields,  is  mainly  due  the  prop- 
erty of  ox3^gen  of  regaining  the  gaseous  state.  Matter 
has  distinctive  molecular  characters  based  upon  the 
quantity,  quality,  and  relative  placement  of  imniolec- 
ular  units,  and  this  distinctiveness  determines  the 
specific  magnitude  of  its  molecules  and  their  physical 
state  in  the  equilibrium  of  matter  in  relation  to  space, 
and  is  a  factor  in  the  expansion  of  all  gases,  whether 
positive  or  negative,  when  the  force  of  compression  is 
removed.  The  following  formulae  will  show  how  poten- 
tials of  diffusibility  are  transformed: 

S  +  O2  =  S  0-.  +  Heat — ether  from  interspaces  of 

oxygen. 

Hj  4-  O  =  Ha  O  -r  Heat — ether  from   interspaces 

and    induced    fields    of 
both  elements. 

C2  +  (H,)i  =  (C  HOi  +  Heat— ether    from    inter- 
spaces of  hydrogen. 

Sulphur  and  oxygen  are  negative,  their  chemic 
union  therefore  will  not  alter  their  inductive  poten- 
tials. Sulphur  has  a  potential  of  diffusibilitj',  but  it  is 
neutralized  by  its  molecular  weight  (§  29).  Oxygen 
has  a  potential  of  diffusibilit}'  which  is  represented  by 
depolarized  or  free  molecular  ether  in  the  interspaces 
(Fig.  6).  By  adding  a  sulphur  atom  to  the  oxygen 
molecule  the  potential  of  diffusibilitj'  of  oxygen  is 
partly  neutralized  by  the  atomic  weight  of  sulphur  and 
the  free  ether  of  the  interspace  is  pressed  out  by  the 
increased  molecular  weiglit  distorting  the  induced 
fields.  The  size  of  the  ponderable  molecule  is  in- 
creased, the  induced  field  is  increased,  but  the  amount 
of  ether  in  the  interspace  is  diminished,  hence  the  heat. 
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There  are  many  instances  of  positive  elements  uniting 
with  positives  accompanied  by  the  production  of  heat, 
the  reactions  being  analogous  to  those  of  sulphur  and 
oxygen  modified  b}'  the  greater  distortion  of  the  in- 
duced fields,  and  encroachment  on  the  interspaces,  by 
positive  attraction  re-enforcing  the  molecular  weight. 
Consequently  positive  elftnenls  require  greater  extrinsic 
dissociating  force.  Thus  the  "heat  of  mixtures"  of 
positive  elements  such  as  zinc  and  copper  is  evidence 
of  a  readjustment  of  the  molecular  interspaces  with  the 
elimination  of  ether.  The  many  chemic  combinations 
of  carbon  and  h^-drogen,  although  requiring  an  initia- 
tory dissociating  force,  must  be  accompanied  by  the 
evolution  of  heat — ether  from  the  molecular  interspaces 
of  hydrogen.  Thus  carbou  set  free  in  molecular  pro- 
portions from  an  electric  pole,  placed  in  an  atmosphere 
of  hydrogen,  will  form  acetylene  gas  C-jH-..,  and  the 
union  must  set  free  ether  as  heat,  although  the  heat 
of  formation  is  given  as  —  48300.  heat  units. 

The  chemic  union  of  hydrogen  and  oxygen  results 
in  decreased  inductive  potential  and  decreased  potential 
of  diffusibility  on  the  part  of  both  elements,  and  con- 
sequently a  large  quantity  of  heat  is  eliminated — ether 
from  the  induced  fields  of  both  elements,  and  free  ether 
from  the  interspaces  of  both. 

34.  It  is  conceivable  that  under  certain  conditions  of 
pressure  or  temperature  ordinarj'  chemic  atoms  or 
definite  integrant  parts  of  molecules  may  become  mole- 
cules; and  conversely,  molecules  ma}'  become  parts  of 
larger  molecules.  In  this  respect  the  relation  existing 
between  atoms  and  molecules  may  be  defined  as  fol- 
lows: An  atom  is  that  part  of  a  molecule  which  is 
dissociated  by  chemic  action ;  it  is  a  constituent  group 
of  units  forming  part  of  a  molecule  and  held  together 
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in  absolute  contact  with,  and  b}'  attraction  between  it 
and  the  other  constituents,  the  individual  constituent 
groups  having  no  induced  environment.  However, 
arrangement  of  units  within  a  cheniic  atom  is  distinc- 
tive and  is  not  disturbed  b}'  immolecular  attractions. 
On  the  other  hand,  a  molecule  is  a  physically  distinct 
body,  separated  from  other  bodies  by  an  induced  field 

^which  is  commensurate  with  its  inductive  potential. 

"  Under  increased  pressure  two  molecules  may  become 
one,  or  a  number  may  combine  and  form  a  less  number, 

■  and  under  decreased  pressure  a  molecule  maybe  divided 
into  two  or  more  parts,  each  part  assuming  the  molec- 
ular condition.  Thus  an  ordinary  molecule  placed  in 
the  Crookes  tube   may  be  split  up  into  thousands  of 

I  molecules  each  composed  of  constituent  units,  and  each 
surrounded  by  a  distinct  induced  field  of  definite  tri- 
dimensional proportions.     Moreover,  it  is  conceivable 
^that  by  pressure,  b}^  polar  attractions,  or  by  the  absence 
Bof  inductive  potential  that  a  mass  may  be  formed  with- 
Hout  molecular  induced  fields  or  intemiolecular  spaces. 
In  this  case  the  molecule  as  a  distinct  body  is  lost  in 

•  the  mass. 
When  a  molecule  is  relieved  from  pressure,  and  con- 
sequently split  up,  each  of  its  constituent  parts  has  a 
greater  qualitative  potential,  although  quantitatively 
less  in  dimensions  of  ponderable  matter  than  the  orig- 
inal molecule;  hence  each  nascent  molecule  has  a 
larger  induced  field  than  the  original  one.  It  is  like 
breaking  up  a  salt  into  its  acid  and  alkaline  constitu- 
ents, only  all  the  constituents  of  the  nascent  molecules 
formed  under  decrement  of  pressure  are  wholly  derived 
from  the  constituents  of  the  original  molecule.  It  is 
remarkable  that  cleavage  of  certain  molecules  is  not  an 
equal  division  of  their  positivities  and  negativities,  but 
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the  positivities  and  negativities  tend  to  separate  so  that 
the  nascent  molecules  are  either  relativel}^  more  posi- 
tive or  more  negative  than  the  original  molecules,  and 
consequently  have  larger  potentials.  The  chief  factors 
in  producing  this  phenomenon  are  concentrativeuess  of 
positivities  and  diffusibilit}'  of  negativities,  and  the 
maintenance  of  the  equilibrium  of  matter  and  force  in 
space. 

When  a  tube  is  being  exhausted  each  molecule  of 
residual  gas  divides  into  two,  or  by  reciprocal  rearrange- 
ment of  constituents  a  given  number  of  molecules 
become  a  greater  number.  The  increased  potentials  of 
the  resulting  molecules  enlarge  the  molecular  induced 
fields  so  that  the  sum  of  the  dimensions  of  their  areas 
is  equal  to  the  dimensions  of  the  tube.  This  process 
goes  on  until  the  first  condeusatious  (§  iS)  of  matter 
are  reached.  A  further  decrement  of  the  gas  produces 
a  condition  in  which  the  sum  of  the  areas  of  the  in- 
duced fields  are  not  diniensionally  equal  to  the  cavity 
of  the  tiibe,  and  these  are  conditions  pertaining  to  ;i 
vacuum.  If  the  tube  is  completely  exhausted  nothing 
but  ether  is  left. 

35.  The  question  presents  itself:  Why  does  not  the 
solid  part  of  the  earth  assume  the  condition  of  one 
large  molecule?  The  answer  to  this  question  is  that 
matter  tends  to  form  spheres  of  definite  sizes  according 
to  the  degiee  of  pressure  and  according  to  the  intensity 
and  character — positivity  and  negativity — of  the  po- 
tential of  the  particles;  the  size  of  the  spheres  with 
their  induced  fields — at  least  in  gases — being  tridimen- 
sionally  equal  for  like  conditions  of  temperature  and 
pressure  ( Avogadro's  law).  Thus  molecules  of  oxygen 
and  hydrogen  maj^  be  compressed  until  their  induced 
fields  are  obliterated,  but  when  the  pressure  is  removed 
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each  particle  of  definite  and  distinctive  size  according 
to  its  potential,  will  form  a  spheroidal  body,  separate 
from  all  other  bodies  by  an  induced  tridimensional 
field. 

The  forces  that  bear  on  the  formation  of  molecules 
are  twofold  in  character:  (i)  The  inherent  forces  of 
the  constituents  of  the  sphere  are  drawn  toward  its 
center;  as  the  sphere  is  enlarged  the  attraction  toward 
the  center  is  lessened  whilst  the  forces  of  the  constit- 
uent unit  at  the  circumference  remain  the  same.  Thus 
at  the  circumference  local  centers  of  attraction  are 
formed  and  hence  new  spheres.  The  new  centers  of 
attraction  become  the  centers  of  new  molecules  with 
inductive  potentials,  surrounded  by  induced  fields. 
(2)  The  grand  equilibrium  existing  between  different 
kinds  of  matter — solids,  liquids,  gases,  and  ether — and 
between  fundamental  forces,  in  relation  to  space,  is 
preserved  by  molecules  possessing  definiteness  of  po- 
tentials, inductive  capacities,  and  material  magnitude. 
36.  Physical  States  of  Matter.  The  forces  which 
determine  the  physical  state — gaseous,  liquid,  or  solid 
of  a  substance  are  as  follows: 

/.  The  molecular  weight  tending  towards  solidifi- 
cation. 

2.  The  inductive  potentials  of  molecules  mutually 
attracting  or  repelling: 

(a)  Inductive  potentials  of  negative  quality  repel 
each  other  by  inherent  repulsion  or  diffusibility, 
and  by  impenetrability  of  their  induced  fields,  thus 
tending  towards  the  gaseous  state. 

[b]  Inductive  potentials  of  positive  qualit\'  repel 
each  other  by  impenetrability  of  tbeir  induced 
fields,  and  attract  each  other  by  inherent  attraction 
or  concentrativeness. 
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(c)  Potentials  of  opposite  quality  attract  each 
other  thus  acting  with  the  molecular  weight  and 
tending  towards  solidification. 

J.  (a)  The  gaseous,  liquid  or  solid  state  of  a  sub- 
stance of  molecular  indiictive  potential  of  negative 
quality  is  determined  by  a  compromise  between 
molecular  weight — gravitation — and  the  repulsions 
of  its  molecular  inductive  potentials. 

(d)  The  physical  state  of  a  substance  of  molec- 
ular inductive  potential  of  positive  quality  is  a 
compromise  between  the  impenetrability  of  the 
molecular  induced  fields  on  the  one  hand,  and  the 
mutual  inherent  attraction  of  its  molecules,  and 
molecular  weights  on  the  other. 

(f)  The  tendency  of  matter  to  form  spheres,  of 
definite  sizes  according  to  degrees  of  pressure  and 
quantitative  potential,  and  surrounded  by  induced 
fields,  is  an  important  factor  in  determining  the 
physical  state  of  matter  (§  35,  §  26). 
The  hydrof^en  molecule  represents  in  chemistry  the 
unit  of  molecular  weight,  notwithstanding,  it  is  shown 
that  in  the  Crookes  tube — a  decrement  of  about  one- 
millionth  of  an  atmosphere — there  is  a  molecule  2,000 
times  smaller  than  that  of  hydrogen,  and  that  this 
minute  body  is  a  carrier  of  electricity  (§  144).  Be- 
yond this  decrement  there  are  conditions  approaching 
a  vacuum  through  which  electricity  does  not  travel. 
If  this  minute  carrier  of  electricity  is  identical  with 
positive  elementary  condensations,  which  are  the  sim- 
plest forms  of  possible  conductors  (§  144)  then,  the 
hydrogen  molecule  has  a  constituency  of  about  6,000 
ether  atoms  or  units.  According  to  the  chemic  char- 
acter of  hydrogen  these  units  may  be  divided  into 
5,500  positiviiies  and  500  negativities.     If  the  relative 
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number  of  the  units  were  reversed  the  molecule  would  fly 
to  pieces.  The  molecule  of  hydrogen  has  a  small  gravity 
potential,  and  a  large  inductive  potential ;  and  conse- 
quently a  small  ponderable  mass,  and  relatively  a  very 
large  induced  field.  Its  inductive,  polarizing  or  cheraic 
potential  is  represented  probably  by  5,000  ether  units 
to  the  molecule,  or  2,500  to  the  atom.  Compared  with 
the  size  of  the  molecule  this  is  a  large  active  polar  or 
cheniic  potential,  but  specifically  it  is  smaller  than  the 
chemic  potentials  of  molecules  of  most  other  substances 
of  positive  quality.  The  small  gravity  potential  in  the 
impenetrable  free  space  of  the  molecule  makes  hydrogen 
a  gas  of  extreme  tenuity.  Owing  to  the  extent  of  its 
molecular  induced  field  and  interspace,  hydrogen  has 
large  specific  heat  (Fig.  6). 

The  gravity-units  of  the  oxycren  molecule  may  be 
estimated  at  96,000;  50,000  being  negative,  and  46,000 
being  positive.  In  this  estimation  it  is  assumed  that 
the  gravity-units  are  those  which  offer  resistance  to 
attraction  of  a  proximate  magnet,  which  is  the  basis  of 
estimating  the  size  of  the  hydrogen  molecule  (§  144). 
The  molecule  of  oxygen  consisting  of  two  chemic 
atoms  will  be  formulated  as  follows: 

23000.25000  +  23000.25000. 

The  inductive  potential  of  the  oxygen  molecule  in  this 
case  is  represented  bj'  4,000  negativities,  or  an  active 
chemic  potential  of  2,000  negative  units  to  the  atom. 
It  is  evident  that  if  gravitation,  as  represented  by  the 
gravit3'-units,  had  no  opposing  force,  oxygen  would  be 
a  solid,  but  it  is  equally  clear  that  if  the  negative 
potential  was  not  opposed  the  molecules  of  oxygen 
would  fly  apart  indefinitel}';  consequently  by  a  com- 
promise of  these  forces  oxygen  is  a  gas. 
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The  active  chemic  potential  of  the  oxygen  molecule 
being  only  4,000  negative  units,  it  must  have  a  large 
passive  potential.  It  is  probable  that  of  the  25,000 
negative  units  in  the  atom  10,000  are  polarizable  and 
neutralizable  by  opposing  potentials,  the  active  poten- 
tial of  the  atom  being  represented  by  2,000  negative 
units,  and  the  possible  passive  potential  by  S,ooo  neg- 
ative units.  The  S,ooo  negative  units  representing 
the  passive  potential  being  partially  or  wholly  chem- 
icalU'  neiitrallzed  by  a  positive  atom  or  atoms,  there 
will  be  set  free  a  corresponding  number  of  positive 
units  in  the  atom  of  oxygen  at  the  opposite  pole  which 
may  combine  with  other  negatives.  Hence  oxygen  is 
the  medium  of  combining  such  negatives  as  sulphur 
with  such  positives  as  potassium — K^SOi  or  K^  0^  S. 

The  ox^'gen  molecule  has  a  larger  ponderable  mass 
but  a  smaller  induced  field  than  the  molecule  of  hydro- 
gen, with  an  interspace  between  the  induced  fields,  the 
latter  being  slightly  distorted;  thus  the  tridimensional 
areas  of  the  molecular  spaces  of  oxygen  and  hydrogen 
are  dimensioually  equal  (Avogadro's  law)  (Fig.  6). 

The  molecule  of  watery  H^iO,  has  a  gravity  potential 
of  54,000  units  and  a  small  inductive  potential  of  3.000 
positive  units.  It  has  a  small  induced  field  which 
transmits  the  vibrations  of  light.  Water  has  slight 
cohesive  properties,  depsndiug  on  attraction  between 
the  inductive  positive  potentials  of  the  molecules.  The 
conducting  properties  of  water  are  hampered  by  the 
absence  of  greater  molecular  polar  attraction,  the  mole- 
cules not  being  arranged  in  uniform  line.  By  increased 
intermolecular  ether  as  heat,  water  assumes  the  gaseous 
state.  In  this  condition  the  tridimensional  area  of  the 
molecular  free  space  is  equal  to  that  of  the  oxygen 
molecule  or  to  that  of  nitrogen.     Oxygen,  however,  has 
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96,ocx)  gravity  units,  and  the  molecule  of  water  has 
I  only  54,cxx),  and  probably  nitrogen  has  about  the  same 
number  as  oxygen.  Hence  water  in  a  gaseous  state 
ascends  through  the  atmosphere.  It  rises  until  there 
i-is  lessened  resistance  to  the  radiation  of  heat — to  the 
escape  of  the  intermolecular  ether.  At  this  point  the 
molecules  approximate,  and  the  ether  rises  and  the 
water  falls. 

Carbon  must  have  slight  or  no  inductive  potential, 
slight  or  no  active  chemic  potential,  but  large  passive 
chemic  potential.  Un  the  latter  depends  its  quadriva- 
lence. 

In  determining  the  character  of  the  unit  construction 
of  the  carbon  molecule  the  following  facts  have  to  be 
considered:  Carbon  is  a  solid,  although  having  only 
a  small  atomic  weight;  it  ha.s  comparatively  slight 
chemic  activit)' ;  it  has  more  chemic  affinit}'  for  nega- 
tives than  for  positives,  a  fact  due  to  the  inherent 
character  of  positives;  it  combines  with  oxygen  with 
evolution  of  energy,  furnishing  a  greater  quantity  of 
heat  than  sulphur  but  less  than  hydrogen  when  these 
unite  with  oxygen  ;  in  tliis  it  furnishes  a  greater  quan- 
tity of  heat  than  can  be  accounted  for  by  the  union  of 
two  negatives,  taking  the  union  of  sulphur  and  oxygen 
as  a  standard  (§  33);  when  it  combiues  with  hydrogen 
it  requires  an  extrinsic  force  of  dissociation,  and  it  does 
not  burn  ordinarily  in  an  atmosphere  of  hydrogen. 
These  and  certain  chemic,  physical,  and  phj'siologic 
facts  point  to  carbon  being  either  slightly  electro- 
positive or  equipotential  in  its  positivities  and  negativ- 
ities. In  the  diamond  form  it  must  be  hemispherically 
equipotential.  A  molecule  of  carbon  composed  of  two 
atoms  consequently  is  given  the  following  formula: 
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iSooo  iSooo 

+ 


1 8000  iSooo 

+        — 


Evidently  the  units  of  the  carbon  atom  are  so  rela- 
tively placed  as  regards  their  positivities  and  negativ- 
ities, that  of  the  36,000  units  12,000  free  negatives  or 
positives  can  appear  at  the  surface  of  the  atom  when 
attracted  by  potentials  of  opposite  qnalit}'. 


\  B  C 

Fig  7. 
Dtflerentiated  carb:>n  atoms:   a,  CH,  ;  b,  COj  ;  c,  C,HnMO. 
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In  Fig.  7,  A  is  a  representation  of  a  molecule  of 
methane  and  shows  a  disturbance  of  the  carbon  con- 
stituents whereby  10,000  negative  units  are  extrin- 
sically  neutralized  by  4  atoms  of  hydrogen.  In  Fig.  7, 
B,  there  are  shown  to  be  4,000  free  negative  units,  the 
corresponding  positives  being  neutralized  by  oxygen 
atoms.  When  the  free  negatives  are  partially  neutral- 
ized by  a  molecule  of  water,  which  has  an  estimated 
potential  of  3,000  positives — HjCO,— there  still  remains 
a  potential  manifested  by  an  acid  reaction.  On  the 
other  hand,  when  a  carbonate  of  potai>sinm  is  formed, 
KjCOs,  the  12,000  free  units  of  potassium  neutralize 
the  6,000  units  of  the  radical  COa  and  gives  an  alkaline 
reaction.  In  Fig.  7,  c,  a  molecule  of  a]eohol,  CvH.s,  HO, 
is  shown  ;  the  center  of  each  carbon  atom  is  represented 
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as  having  three  positive  units  to  one  negative,  whilst 
the  union  of  the  carbon  atoms,  and  the  union  of  hy- 
drogen with  carbon,  are  accomplished  by  diffci^ential 
polar  attraction.  The  hydroxyl  is  slightly  positive, 
but  unites  with  the  active  positive  pole  of  the  diatomic 
carbon  by  means  of  the  passive  potential  of  oxygen. 
The  positive  pole  of  the  carbon  atom  becomes  active 
through  the  reconstruction  of  the  unit-relativit}'  of  the 
atom. 

The  alkaline  metals  are  extremely  positive  in  their 
construction.  Amongst  the  chemic  elements  they  are 
nearest  in  their  approachment  to  a  positive  electric 
charge,  as  oxygen  or  the  flouriue  group  is  the  nearest 
in  approachment  to  a  negative  electric  charge.  The 
charges  of  positive  and  negative  electrification  to  be 
maintained  have  to  be  insulated,  and  so  for  the  purpose 
of  maintaining  their  separate  potentials  the  chemic 
charge  of  positivity  represented  in  an  alkali,  and  the 
chemic  charge  of  negativity  represented  in  oxygen, 
have  to  be  insulated.  So  intense  is  the  attraction 
between  oxygen  and  the  alkalies  that  the  latter  have 
to  be  submerged  in  a  liquid — coal  oil — that  does  not 
contain  the  former,  or  kept  in  an  atmosphere  of  hydro- 
gen, for  the  purpose  of  preventing  union. 

Th^  potassium  molecule  consisting  of  two  atoms  will 
have  a  constituenc}-  of  240,000  units.  We  will  say  that 
126,000  of  these  are  positive  and  114,000  are  negative. 
This  will  give  a  molecular  inductive  potential  of  12,000 
positivities,  or  6,000  free  chemic  units  to  the  atom. 
The  12,000  units  of  positive  potential  produce  ether 
polarization  in  the  induced  field  or  vibrator}^  space  of 
the  molecule,  which  by  its  impenetrability  repels  mole- 
cules of  like  potential  to  the  extent  of  its  area.  Con- 
sidering   the   induced    magnetic    field  as    part    of  the 
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molecular  body,  the  molecules  of  potassium  are  mutu- 
ally attracted  b}'  12,000  units  of  positive  potential,  and 
the  condensation  is  aided  by  the  action  of  the  earth's 
forces  on  the  240,000  gravity  units  or  molecular  weight. 

As  copper  is  frequently  used  as  a  conducting  agent, 
it  will  be  considered  here.  It  is  also  representative  of 
a  class,  the  members  of  which,  although  positive  in 
their  potentials,  are  evidently  not  extreme  in  their  pos- 
itive characters.  The  number  of  units  in  the  molecule 
of  copper  may  be  said  to  be  384,000;  the  positivities 
being  195.000  and  the  negativities  189,000.  Thus  its 
molecule  will  have  an  inductive  potential  of  6,000  pos- 
itivities, or  3,000  actively  polari/.able  units  ^o  the  atom. 
The  induced  field  is  small  and  the  relative  size  of  the 
ponderable  molecule  to  its  free  vibratory  space  makes 
it  a  good  conductor  of  electricity. 

Zinc^  to  which  reference  will  be  made  in  this  work, 
has  an  estimated  number  of  390,000  units  to  the  mole- 
cule. The  positivities  of  the  molecule  are  estimated  at 
201,000,  and  its  negativities  at  189,000,  giving  a  mole- 
cule of  two  atoms  an  inductive  potential  of  12,000  units 
of  positivity,  and  an  active  chemic  potential  of  6,000 
positivities  to  the  atom.  It  is  a  more  positive  molecule 
than  the  copper  molecule,  but  it  is  not  so  good  a  con- 
ductor owing  to  the  relative  size  of  its  ponderable 
body  to  its  induced  field. 

Owing  to  great  distortion  of  the  molecular  induced 
fields  the  interspaces  are  small  or  even  absent  in  posi- 
tive elements. 

In  making  comparative  estimations  of  the  number 
of  units  ill  molecular  construction,  and  stating  the 
comparative  potential  of  molecules,  there  is  no  inten- 
tion other  than  to  illustrate  a  principle  of  positive  and 
negative  unit  representation,  and  to  show  that  porpor- 
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tional  representation  of  positive  and  negative  units  in 
atoms  is  the  only  possible  explanation  of  their  affinities. 
37.  Avogadro's  law  is  as  follows :  "All  gases  under 
the  same  conditions  of  pressure  and  temperature,  in 
nnit  volume,  have  the  same  number  of  molecules." 
This  means  that  the  size  of  the  molecule  and  the  size 
of  the  interniolecular  space  added  together  give  dimen- 

■  sions  which  are  the  same  for  all  gases,  under  the  same 
conditions.  Let  us  call  this  tridimensional  area  the 
vibratory  space.  Tlien,  as  the  size  of  the  molecule  must 
be  in  direct  proportion  to  its  molecular  weight,  and  as 
the  size  of  the  interraolecular  space  must  be  inversely 
proportional  to  the  molecular  weight  (if  immolecular 
neutralization  be  constant),  it  follows  that  it  the  mole- 
cule be  increased  in  size  and  relatively  reduced  in 
inductive  potential  until  it  fills  nearly  the  whole  molec- 
ular vibratory  space,  it  is  a  liquid,  and  any  additional 
increase  iu  dimensions  makes  a  solid.  From  which  it 
must  be  inferred  that  the  differences  in  the  size  of 
molecules  is  a  factor  in  determining  the  fundamental 
difference  in  the  physical  states  of  matter.  The  law 
may  be  framed  thus:  The  vibratory  spaces  of  all  mole- 
'  cules  of  gases  have  the  same  tridimensional  areas,,  pro- 
vidinfr  the  conditions  of  temperature  and  pressure  are  the 
same.  Whence  these  corollaries:  i.  Molecules  can  be 
increased  in  size  until  they  fill  the  vibratory  spaces, 
when  they  lose  their  molecular  character,  which  be- 
comes immerged  in  that  of  the  mass.  2.  The  number 
of  chemic  atoms  of  elementary  substances  to  the  mole- 
cule depends  upon  this  law.  However,  the  size  of 
molecules  is  subject  to  the  forces  that  determine  the 
physical  state  of  matter  (§  36);  and  the  increase  of 
molecular  quantities  beyond  specific  dimensions  must 
be   accomplished    by    extrinsic    pressure.       Molecules 
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differentiate  intrinsically.  In  dimensions;  in  inductive 
potential;  and  in  relative  unit-placement — in  immolec- 
ular  and  exmolecular  unit-neutralization.  Avoga- 
dro's  law  evidently  does  not  apply  to  molecular  solid 
conditions,  but  as  unit  associations  were  effected 
primarily  under  gaseous  conditions  elementary  mole- 
cules of  the  solid  and  liijuid  states  bear  tlie  impress 
of  the  law. 

By  the  above  considerations  there  is  furnished  a  new 
definition  of  a  molecule,  viz.:  The  smallest  physical 
particle  of  matter  which  can  exist  as  a  vibtatorv  entity. 


Electro-cheniic  series  as  arranged  b}'  Berzelius. 

Elecro-nega  tive . 

Titanium.  Zinc. 

Silicou.  Manganese, 

Hydrogen.  Uranium. 

Gold.  Cerium 

Osmium.  Thorium. 

Indium.  Zirconium. 

Platinum.  Aluminium. 

Rhodium.  Did3^mium. 

Palladium.  Lanthanum. 

Mercury.  Yttrium. 

Silver.  Glucinura. 

Copper.  Magnesium. 

Bismuth.  Calcium. 

Tin.  Strontium. 

Lead.  Barium. 

Cadmium.  Lithium. 

Cobalt.  Sodium 

Nickel.  Potassium, 
Iron. 


Ox3'gen. 

Sulphur. 

Selenium. 

Nitrogen. 

Fluorine. 

Chlorine. 

Bromine. 

Iodine. 

Phosphorus. 

Arsenic. 

Chromium. 

Vanadium. 

Mol^'bdenum. 

Tungsten. 

Boron. 

Carbon. 

Antimony. 

Tellurium. 

Tantalum. 


Electro-positive. 
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Xlearrangement  of  the  elements  has  been  made  as 
f»l  lows : 

—  F,  CI.  Br,  I,  O,  S.  Argon,  Helium,  etc. 

A  VI.,  Pt,  Hg,  Ag,  Cu,  H,  Pb,  Ni,  Co,  Cd,  Zn,  Mn,  Al, 
>[g,  Ca,  Sr.  Ba,  Li,  Na,  K,  Rb,  Cs.  +  .  From  the 
st^"bility  of  its  compounds,  from  its  diffusibility  and 
gaseous  state,  and  from  its  cheniic  activity  and  valency, 
Jjcvgen  should  be  considered  as  the  most  electro- 
;gative  element.  Moreover,  it  is  electrified  directly 
the  presence  of  other  elements — showing  relative 
nity — by  the  positive  current,  and  carried  towards 
negative  pole  (§  6i);  on  the  contrary,  iodine  is 
fluenced  inductively. 

Electro-chemic  potential  is  of  two  characters;  it  is 

^relative  and  it  is  specific.     Copper  is  relatively  more 

negative  than  zinc,  but  both  are  specifically  positive, 

^.,  each  contains  more  positve  thau  negative  units 

I*it:hin  its  cheniic  atom  or  molecule. 

The  electro-cheniic  series  may  be  arranged  in  the 
[stiape  of  a  globe,  potassium  representing  the  north 
[pole  and  oxygen  the  south,  while  such  substances  as 
[tellurium,  silicon,  etc.,  approach  the  equator;  whilst 
iarbon  may  be  equatorial.  Hydrogen  is  located  dis- 
tinctly within  the  northern  hemisphere  and  iodine  is 
fell  within  the  southern,  the  other  elements  being 
relatively  placed  as  in  the  table.  When  measured  by 
^n.  electric  unit — the  ether  atom — all  substances  are 
Specifically  positive  or  negative  in  their  polar  or  cheraic 
>c»teutials,  except  the  argon  group  and  carbon  which 
lay  be  on  the  equator,  thus  furnishing  certain  distinc- 
ive  characteristics.  The  relative  position  apparently 
'a-ries  with  the  temperature,  thus  carbon  at  high  tem- 
peratures decomposes  potassium  carbonates: 

K,  C  Oh  +  C:>  =  3CO  +  K, 
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The  cUemic  reactions  taking  place  according  to  the 
formulas  are  misleading  as  to  affinity.  Potassium  is 
inclined  towards  solidity  and  0x3' gen  towards  tenuity 
or  the  gaseous  state.  The  high  temperature  tends 
towards  decomposition,  and  as  carbon  is  capable  of 
forming  a  union  with  oxygen  as  a  gas,  it  merely  assists 
in  the  dissociation. 

It  will  be  well  to  follow  the  ether  changes  that  take 
place  according  to  the  above  formulae.  Potassium  car- 
bonate, KjC  O3,  has  large  molecular  weight — 183 — 
the  atomic  potentials  are  dissimilar,  and  the  sura  of 
their  positivities  slightly  exceeds  the  sum  of  their 
negativities.  The  molecule  has  a  small  inductive  po- 
tential and  a  small  distorted  induced  field,  therefore 
KjC  O3  is  solid.  In  the  retort  the  ether  by  its  im- 
penetrability presses  the  molecules  apart,  and  this 
is  followed  by  groups  of  units  dissociating  as  sub- 
molecules,  so  as  to  maintain  an  equilibrium.  As  the 
submolecules  part  their  attractions  diminish,  attraction 
being  inversel}'  proportional  to  the  square  of  the 
distance  between  them ;  at  the  same  time  the  total 
potentials  of  the  molecules  increase,  with  proportional 
increase  of  the  dimensions  of  induced  areas  within 
which  is  a  greater  amount  of  polarized  ether.  As  the 
ponderable  masses  of  the  molecules  become  smaller 
they  are  either  more  positive  or  more  negative  than 
original  molecules.  Under  these  conditions  oxj'gen 
has  a  tendency  to  free  itself  from  potassium  and  enter 
into  union  with  a  less  ponderable  and  a  less  positive 
element,  and  the  presence  of  carbon  furnishes  this 
opportunity.  The  reactions  under  the  influence  of 
ether  energies  are  from  lower  to  higher  potentials  from 
larger  to  smaller  ponderable  bodies.  The  forces  tend 
towards  the  separation  of  molecular  constituents,  and 
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the  formation  of  more  molecules  with  larger  poten- 
tials, with   the   result  of  polarizing  the   heat-ether  or 
molecular  ether  current  (§  22),  which  in  the  polarized 
condition  occupies  less  space,  thus  relieving  the  pres- 
sure.    In  the  first  formulae — Kj  CO3  +  Cj — there  are 
shown  only  two  molecules;  in  the  second  there  are 
four — 3CO  +  Kj.     Oxygen  therefore  parts  with  potas- 
sium not  because  of  a  greater  affinity  for  carbon,  but 
because  of  other  laws.     At  a   higher  temperature  the 
molecules  will  dissociate  further,  and  there  is  no  doubt 
K  but  there  are  temperatures  which  will  dissociate  mole- 
I      cules  until  the  elemeutar}'  condensations  are  reached. 

PThe  conditions  attending  high  temperatures  are  iden- 
tical with  those  of  great  decrement  of  pressure  in  gases, 
the  difference  being  only  in  the  means  of  overcoming 
^  the  pressure.  In  the  former  the  pressure  is  overcome 
"  by  the  ether-stream,  in  the  latter  it  is  overcome  by  the 
,       impermeability  and  rigidity  of  the  glass  of  the  tube ; 

■  in  both  the  interspaces  are  enlarged  with  similar  mo- 
lecular  results. 

38.  Differential  Character  of  Alolecules.  Molecules 
of  large  ponderable  dimensions  and  of  about  equal  pos- 

■  itivities  and  negativities,  when  polarized,  may  manifest 
cohesive  properties  by  polar  juxtaposition,  without  in- 
terposition of  an  iutermolecular  induced  field.  They 
are  opaque  because  they  have  no  intenuolecular  ether, 
and  are  non-conductors  because,  having  their  poles 
fixed,  they  do  not  vibrate.  Shellac,  resin,  wax,  gutta- 
percha, and  metallic  oxides  are  composed  of  this  class 
of  molecules. 

Molecules  having  equal  positivities  and  negativities 
in  their  construction  and  consequently  slight  qualita- 
tive potentials,  may  be  polarized  with  iutermolecular 
fields  (§  149,  ^  16S);  they  are  transparent  because  thej^ 
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liave  inteniiolecular  etber,  and  are  non-conductors  be- 
cause tliey  do  not  vibrate  or  vibrate  slightly  owing  to 
their  fixed  polarization.  Glass,  mica,  and  diamond  are 
types  of  substances  whose  molecules  belong  to  this 
class. 

Chemically  elementary  substances  whose  molecules 
have  a  potential  of  positive  quality,  such  as  the  metals, 
are  good  conductors  and  are  opaque.  Their  molecules 
repel  each  other  to  the  extent  of  their  induced  fields, 
and  attract  each  other  by  positive  concentrativeness. 
They  are  sensitive  to  vibratory  influence  because  of  the 
potentials,  and  are  opaque  because  of  the  extreme 
distortion  of  their  induced  fields  and  because  their 
vibrations  interfere  with  the  vibrations  of  light  (§  275). 
The  relative  size  of  the  ponderable  molecular  body  to 
the  free  vibratory  space  and  the  relative  fixity  of  the 
molecule  give  the  substances  the  property  of  conduc- 
tion in  a  superior  degree. 

Molecules  having  strong  negative  potentials,  and 
small  or  medium  gravit}'  attractions,  repel  each  other, 
have  no  cohesion,  have  free  intermolecular  ether,  and 
consequently  are  transparent.  They  are  non-conduc- 
tors or  possess  the  conducting  property  but  slightly 
owing  to  the  intermolecular  spaces  being  greater  than 
the  molecular  vibratory  swing  (Figs.  5,  6).  This  class 
is  typified  by  the  molecules  in  elements  of  dry  air. 
Molecules  of  strong  positive  potentials  with  very  small 
gravity  attraction  have  characteristics  similar  to  those 
of  this  class. 

39.  The  properties  of  matter  rest  upon  the  funda- 
mental principles  of  attraction  and  repulsion  inherent 
in  ether  atoms ;  upon  the  concentrativeness — attraction 
- — of  positive,  and  diflfusibility — repulsion — of  negative 
units;  upon  attraction  between  positivities  and  nega- 
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tivities  ;  upon  the  indestructibilit}^  and  impenetrability 
of  the  atoms  of  ether  or  unit-matter,  and  indestructi- 
bilit}'  and  impenetrability  of  unit  principles;  and  upon 
the  grand  equilibrium  of  matter  and  force  in  relation 
to  space. 

The  neutralization  of  all  force  within  the  ether 
molecule,  the  preservation  of  impenetrability,  and  the 
assumption  of  the  globular  form,  are  the  bases  of  mo- 
lecular ether  properties  or  absence  of  properties.  In 
the  separated  ether  atoms  there  resides  a  potentially 
free  force,  and  in  the  various  condensations  of  matter 
the  same  immolecularly  free  force  represents  the  unit- 
potentials  of  all  other  forces.  The  induced  fields  of 
electric  potentials  are  identical  in  principle  with,  and 
are  representations  of  the  induced  fields  of  all  poten- 
tials. Induced  forces  possess  the  property  of  impene- 
trability, but  disappear  when  the  primary  potentials 
are  neutralized. 

The  quantitative  and  qualitative  potentials  of  pon- 
derable molecules;  the  relative  position  of  the  units  in 
molecular  construction;  the  relative  amount  of  pon- 
derable matter  in  molecules;  the  relative  dimensions 
of  molecules  to  the  free  or  vibratory  spaces  or  induced 
polarized  fields;  the  spherical  form  of  molecules  with 
the  property  of  differentiating  their  poles;  the  polariza- 
tion of  molecules  and  consequently  of  masses;  the 
disruption  of  molecules  by  stronger  polar  attractions— 
chemic  action ;  their  modification  by  pressure  or  tem- 
perature into  smaller  or  larger  molecules;  the  distor- 
tion of  the  tridimensional  areas  of  their  induced  fields 
by  pressure;  the  interspace  between  the  induced  fields 
of  certain  potentials ;  and  the  homogeneity  or  hetero- 
geneity of  molecules  in  the  physical  mass,  involve 
secondary  principles  depending  on  the  inherent  attrac- 
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tion  and  repulsion   of  units,   and   affording   bases  of 
further  differentiated  action. 

It  must  be  clearly  borne  in  niiud  that  forces  act  and 
react  in  inverse  proportion  to  tlie  square  of  distance. 
Thus,  according  to  this  law,  the  forces  within  an  ether 
molecule  are  not  affected  by  the  inductive  potential  of 
the  earth — gravitation  ;  but  they  are  affected — polar- 
ized— by  the  inductive  potential  of  a  ponderable  mole- 
cule, and  they  are  completelj'  disrupted  by  other  forces. 
On  the  other  hand,  according  to  the  same  law  the 
inductive  force  of  the  earth  takes  possession  of  the 
free  or  incompletely  neutralized  forces  of  a  complex 
molecule;  hence  the  ponderable  molecule.  If  a  com- 
plex molecule  of  equal  positivities  and  negativities 
was  sufficiently  distant  from  disturbing  forces  such 
as  those  of  the  earth,  it  would  be  a  self  neutralizing 
body. 

From  these  principles  spring  the  myriads  of  electric, 
chemic,  physical,  and  physiologic  phenomena;  and  by 
these  the  grand  equilibrium  of  matter  and  force  is 
maintained  in  their  relation  to  space, 

40.  Boundary  betiveen  ether  and  ponderable  matter. 
Is  this  boundary  ever  crossed  ?  Does  ether  assume 
the  more  complex  form,  or  is  ponderable  matter  ever 
simplified  as  ether?  When  ether  is  considered  as  the 
simplest  form  of  matter,  theoretically  the  question 
should  be  answered  in  the  affirmative.  Practically  this 
is  difficult,  perhaps  impossible,  of  demonstration.  The 
cathode  rays  are  subnormal  molecules  charged  nega- 
tively. It  is  possible  and  probable  that  the  charge 
temporarily  is  associated  as  a  unit-atom  in  the  sub- 
normal molecule,  which  is  of  intense  positive  potential, 
to  be  again  dissociated  at  the  bombarded  spot  where  it 
meets  the  positive  ether.     Here  is  a  synthetic  followed 
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by  an  analytic  reaction  between  ether  and  ponderable 
matter.  Hence  the  question  of  the  relationship  of  all 
electric  charges  to  the  body  charged  presents  itself. 
The  conception  is  reasonable  that  between  electric 
charges  and  the  units  of  ponderable  matter  of  intense 
chemic  potential  and  of  opposite  quality  to  the  electric 
charge,  there  may  exist  an  intimacy  of  the  same  char- 
acter as  the  relationship  between  the  constituents  of 
molecules.  To  maintain  the  universal  equilibrium  of 
matter  and  force  a  certain  relative  placement  of  units, 
is  imperative.  The  relative  placement  gives  potential 
based  upon  the  distance  asunder  of  neutralizing  units. 
The  aggregate  distance,  the  aggregate  potential,  and 
the  relative  placement  in  its  entirety,  never  vary;  a 
disturbance  of  either  at  a  certain  point  is  a  disturbance 
of  all,  and  is  equilibrated  by  a  disturbance  of  equal 
value  at  a  distant  point. 


CHAPTER  III 


Galvanic  Current 

41.  When  two  substances  having  diflferent  chemic 
potentials  (§11)  are  held  in  the  same  solution,  or  are 
otherwise  in  contact,  they  tend  to  reform  or  rearrange 
their  atoms  at  a  lower  potential.  This  law  applies  to 
all  purely  chemic  analytic  reactions.  The  difference 
in  the  sum  of  the  potentials  of  the  newly  formed  sub- 
stances and  the  sum  of  the  potentials  of  the  substances 
disintegrated  constitutes  a  uewl}'  formed  potential  of 
heat  or  electricity.  When  substances  reform  under  a 
lower  chemic  potential,  the  potentials  of  the  atoms  are 
partially  neutralized.  Their  potentials  being  lessened, 
the  induced  magnetic  fields  of  the  molecules  are  les- 
sened and  the  polarized  ether  in  the  induced  fields  is 
decreased.  The  part  of  the  polarized  ether  in  the  fields 
which  is  set  free  becomes  a  current  of  electricity  or 
radiates  as  heat  (§  103,  §  67). 

42.  When  zinc  and  dilute  sulphuric  acid  are  brought 
in  contact  sulphate  of  zinc  and  hydrogen  gas  are 
formed  with  the  evolution  of  heat.  The  amount  of 
heat  evolved  represents  the  difference  of  potential  be- 
tween the  old  and  newly  formed  chemic  substances. 
Thus:    Zni  -f  (HiSO^)^  ^(Hj)^  -f  (Zn  SO*),  +  Heat. 

The  ether  changes  are,  decrease  of  the  polarized 
ether  in  the  molecular  induced  fields  (§  19),  and  in- 
crease of  the  depolarized  intermolecular  ether,  the  latter 
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finding  a  place  in  other  intermolecular  spaces.  The 
molecular  disturbance  thus  created  manifests  itself  as 
heat  (§  126).  In  the  transaction  hydrogen,  by  changing 
.its  physical  state  from  liquid  to  gas,  absorbs  ether  into 
fits  induced  field,  but  the  difference  iu  the  positivities 
of  zinc  and  the  positivities  of  hydrogen  is  so  great  as 
to  allow  the  elimination  of  polarized  ether  as  heat, 
notwithstanding  that  there  is  absorption  by  the  phys- 
ical change. 

I  43.  If  there  be  immersed  in  dilute  sulphuric  acid  a 
copper  plate,  a  short  distance  from  the  zinc  plate,  at 
the  same  time  connecting  the  two  plates — copper  and 
^zinc — with  a  couducliug  wire — usually  formed  of  copper 
-an  electric  current  will  partly  take  the  place  of  the 
evolved  heat.  To  understand  the  causes  of  these  dif- 
ferent phenomena — heat  and  electricity — it  is  only 
necessary  to  follow  the  ether  from  its  polarized  state  in 
the  induced  fields  of  the  molecules  in  its  course  towards 
heat  or  electricity.  It  has  been  stated  that  ether  is 
polarized  by  the  potential  of  the  molecule  (§  19),  and 
when  the  potential  is  lessened  polarization  of  ether  is 
lessened.  Now,  polarization  is  the  first  step  in  disin- 
tegration; when  the  conditions  are  not  favorable  to 
complete  disintegration  depolarization  takes  place  and 
the  molecule  of  ether  becomes  free  in  the  intermolec- 
ular spaces,  where  it  disturbs  the  equilibrium  between 
ether  and  matter,  and  the  disturbance  constitutes  the 
radiant  energy  called  beat  (§  126). 

44.  Comparativeh',  copper  is  electro-negative  and  zinc 
is  electro-positive:  That  is  to  say,  copper  atoms  have 
a  larger  number  of  negativities  in  their  construction 
than  the  zinc  atoms,  and  zinc  atoms  have  more  positiv- 
ities in  their  construction  than  the  copper  atoms  (§  36). 
The  zinc  plate  will  attract  negative  atoms  of  ether; 
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and  the  positive  atoms  of  ether  will  seek  the  opposite 
route.  Specifically  both  copper  and  zinc  are  electro- 
positive, but  zinc  is  more  positive  than  copper  (§  37), 
hence  the  copper  plate  is  passive  in  directing  the 
course  of  the  current. 

Just  at  the  moment  of  the  polarized  ether  molecule 
being  set  free,  by  the  different  attractions  of  the  zinc 
and  copper  plates  dissociation  is  completed,  and  the 
positive  ether  atom  flies  to  the  more  negative  copper 
plate,  and  the  negative  ether  atom  adheres  to  the  more 
positive  zinc  plate.  The  copper  and  the  zinc  plates 
thus  become  electrified  just  as  the  glass  and  resin  be- 
come electrified  by  friction  (§  3).  The  uniting  of  the 
two  plates  by  means  of  conductors  provides  a  pathway 
whereby  the  positive  electrification  of  the  copper  plate 
and  the  negative  electrification  of  the  zinc  are  neutral- 
ized with  less  resistance  than  through  the  cell  and  by 
radiation  as  heat.  These  electrifications  furnish  a 
constant  current  which  has  been  named  the  galvanic. 

45.  It  has  been  shown  that  the  foregoing  chemic 
anali'tic  changes  resulted  in  the  formation  of  hydrogen 
gas  and  sulphate  of  zinc.  The  sulphate  of  zinc  is  held 
in  solution  by  the  fluid  of  the  cell.  The  hydrogen, 
being  electro-positive — having  more  positivities  than 
negativities  in  its  atomic  construction — seeks  the  cop- 
per plate,  for  the  same  reason  that  the  positive  ether 
seeks  it,  on  the  surface  uf  which  it  may  be  seen.  The 
zinc  sulphate  held  in  solution  may  be  split  up,  the 
zinc  being  also  deposited  ou  the  copper  plate,  and  the 
radical  SO4  seeking  the  zinc  plate.  The  initiatory 
force  within  the  cell  is  the  difference  of  potential  of 
sulphuric  acid  and  zinc  sulphate,  but  the  direction  of 
the  course  that  elements  take  is  determined  by  the 
difference  of  potential  of  the  zinc  and  copper  plates. 
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The  differences  of  potential  dominate  all  cell-action" 
These  include  all  the  changes  that  take  place,  in  this 
instance,  in  the  transformation  of  chemic  potential  into 
an  electric  force. 

The  galvanic  current,  as  it  depends  on  the  chemic 
action  in  the  cell,  is  continuous,  constant  or  uninter- 
rupted. 

46.  The  conception  is  clear  that  electrification  is 
carried  over  a  conductor  by  means  of  molecular  vibra- 
tion (§  6),  and  that  the  vibrations  are  trapeziform  in 
character  and  in  rhythmic  order  (§  7). 

Fig.  8. 
Trapeziform  Molecnlar  Movements. 

In  Kig.  8  there  is  represented  a  number  of  longitu- 
dinally arranged  molecules  of  a  metnllic  wire.  The 
positive  ether  atom  is  cuteriug  at  the  left  and  the  neg- 
ative at  the  right.  The  law  that  lihes  repel  and  unlikes 
attract  (§  4,  §  23)  must  be  kept  in  view  in  order  to 
understand  the  molecular  movement.  The  first  mole- 
cule is  seen  to  be  electrified  positively  as  it  swings  to 
the  left;  it  is  then  attracted  by  the  negative  current  in 
front,  which  is  indicated  at  the  right  of  the  diagram. 
The  extreme  right  molecule  is  electrified  negatively  as 
it  swings  to  the  right,  and  is  then  repelled  by  the 
negative  current  behind  it  aud  attracted  by  the  positive 
current  in  front.  When  the  left  molecule  swings  to 
the  right  it  meets  the  uon-electrified  second  molecule, 
which  it  electrifies,  aud  becomes  itself  non-electrified, 
when  it  rebounds  to  the  left  and  is  reloaded ;  aud  the 
converse    process  occurs    at    the    negative    end.     The 
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unloading  is  caused  by  the  attractions  and  repulsions 
of  the  current,  and  the  trapcziform  and  rhythmic  mo- 
lecular movements  are  fully  accounted  for  by  the  same 
forces.  The  molecules  shown  at  the  ends  of  the  figure 
are  in  the  position  of  being  reloaded  respectively  by 
positive  and  negative  ether,  the  second  and  each  alter- 
nate molecule  are  in  the  position  of  unloading,  and  the 
molecular  polarization  has  disappeared.  The  rebound 
of  the  molecule  to  its  normal  position  is  eflfected  by  the 
tendency  of  the  molecule  to  resume  its  proper  position 
in  the  equilibrium  of  matter;  but  the  rebound  is  as- 
sisted or  retarded  by  the  attraction  and  repulsion  of 
positive  and  negative  ether,  a  fact  which  gives  an  im- 
portant insight  into  molecular  vibratiou.  In  all  metallic 
conductors  the  atoms  are  electro-positive,  having  more 
positive  uuits  in  their  construction  than  negative. 
When  a  molecule  of  copper  is  unloaded  as  represented 
in  the  diagram,  it  is  attracted  by  negative  ether  and  is 
thus  assisted  in  its  rebounding  movement.  On  the 
other  hand,  the  rebound  iu  the  positive  part  of  the  cir- 
cuit is  effected  b\'  the  molecule  assuming  an  equili- 
brated position.  The  effect  of  these  influences  is  to 
retard  the  molecular  rebouud  at  the  positive  end  of  the 
conductor  and  to  hasten  the  rebouud  at  the  negative 
end.  Therefore  the  negative  current  under  these  cir- 
cumstances would  travel  faster  than  the  positive  but 
for  reverse  influences  during  the  loaded  or  forward 
movements  of  the  molecules.  However,  positive  and 
negative  ether  units  differ  in  their  kinetic  potency 
through  their  inherent  properties,  thus  differentiating 
the  speed  of  currents.  The  forces  in  a  current  of  nega- 
tive electricit}'  are  the  inherent  repulsion — difl"usibility 
— of  its  uuits,  and  the  attraction  between  these  and  the 
positive   units,   the   forces   mutuall}'  supporting.     On 
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the  other  hand,  the  forces  in  a  current  of  positive  elec- 
tricity are  attraction — concentrativeness — between  the 
positive  units,  and   attraction  between  these   and  the 
negative  units,  the  forces  mutually  opposing.     Hence 
it  is  clear  that  the  negative  units  will  travel  the  greater 
part  of  the  circuit,  and  will  constitute  the  current  of 
electricity  in  the  majority  of  instances.     In  the  vacuum 
tube  and  in  the  electrical  phenomena  of  muscles,  etc., 
the   facts   support    this    conclusion.     However,   media 
may  be  of  such  a  character  as  to  favor  the  flow  of  the 
positive  current  as  shown  in  the  differential  manifes- 
tations of  sparks;  and  it  may  be  accepted  as  a  rule  that 
the  ether  units  of  electric  currents  meet  and  neutralize 
at  the  point  of  greatest  resistance   in   the  circuit  as 
shown  by  the  phenomena  of  electric  lights.     It  must 
be  borne  in  mind  that  positive  units  repel  each  other 
only  through  induced  fields,  and  that  induced  fields 
can  only  exist  by  the  intervention  of  polarizable  mate- 
rial, /.  e.,  material  not  directly  charged  nor  already 
under  inductive  forces  of  stronger  potentials.     Again, 
the  natural  vibratory  gait  of  conducting  molecules  may 
determine  the  current-speed;   and  in  this  case  positive 
and  negative  electricity  will  have  the  same  frequency 
of  vibration  through  the  common  medium. 
\      47.  It  is  clear  that  neutralization  of  the  positive  and 
'  negative  ether  will  take  place  in  various  parts  of  the 
<ircuit,  the  location   depending  on  the  uniformity  of 
resistance  and  perhaps  on  the  degree  of  positivity  or 
"negativity  of  the  conducting  medium  or  media.     The 
location  of  the  neutralization  point  will  depend  upon 
the  relative  fixity  of  conducting  molecules,  and  upon 
the  method  of  conduction  whether  by  molecular  vibra- 
tion as  in  metals,  or  by  catephoretic  action  in  which 
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the  particles  are  carried  along  with  the  current  as  in 
sparks  and  in  some  liquid  media. 

Fig.  9  represents  the  points  of  neutralization  in  a 
circuit  with  different  resistances.  The  dark  part  of  B, 
represents  the  negative  current  and  the  light  part  the 
positive.  In  a  each  line  denotes  a  file  of  molecular 
carriers,  and  the  irregular  line  the  meeting  of  the  two 
currents.     At  the  point  of  neutralization    the   ether 
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Fig.  9- 
Neutralization  of  Current. 

atoms  unite  and  form  molecular  ether  which  manifests 
itself  in  the  radiation  of  heat  or  light. 

48.  In  measuriug  the  galvanic  current  by  the  gal- 
vanometer it  is  fouud  that  all  parts  of  the  circuit  shozu 
the  same  amount  of  currentforce.  The  potentials  are 
measured  by  the  forces  of  the  positive  and  negative 
ether  atoms  which  are  moving  in  opposite  directions, 
conseqtieutly  the  kinetit-  influences  of  the  positive  and 
negative  ether,  on  a  sensitive  magnetic  needle,  which 
is  of  constant  and  fixed  polarity,  are  uniforml3'  directed. 
It  is  clear  that  the  sum  of  the  forces  exercised  in  the 
same  direction  at  auj'  point  of  the  circuit  depends  upon 
the  total  quantity  of  ether  in  the  current,  and  is  inde- 
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pendent  of  the  variation  (§    105)  in  its  quality,  when 
influencing  the  qualitatively  fixed  pole  of  the  needle. 
49.  The  ether  atoms  constituting  the  current  meet, 
neutralize  each  other,  become  molecular  ether,  and  the 
electric  force  is  transformed  into  heat.     The  question 
arises:    What  becomes  of  that  part  of  the  force  which 
is  thought  to  be  spent  on  resistance — /.  ^.,  that  force 
which    represents   the  difference   between   the  electro- 
motive force  of  the  cell  and  the  amount  of  the  current  f 
If  the  chemic  elements  in  the  cell  act  independently  of 
the  circuit,  chemic  action  is  directly  transformed  into 
heat.     Connecting  the  copper  and  zinc  plates  with  a 
conducting  wire  is  merely  providing  a  path,  wherein 
the  separated  ether  atoms   unite  with  less  resistance 
than  they  have  to  overcome  in   their  direct  union  and 
radiation  within  the  cell.     Consequently  the  raising  of 
the  resistance  without  the  cells  increases  the  heat  within 
the  cell,  if  chemic  action  remains  the  same.     If  chemic 
action  takes   place  only  when  the  circuit   is  made,  it 
means  that  such  action  is  not  powerful  enough  to  over- 
come the  resistance  that  molecular  ether  meets  in  its 
radiation   as  heat,   consequently   increase  of  external 
resistance  lessens  chemic  action  within  the  cell. 

The  question  can  be  stated  as  follows:  As  the  result 
of  chemic  action  polarized  ether  is  set  free.  The  ether 
can  follow  one  of  two  courses.  It  can  depolarize  and 
radiate  as  heat,  thus  overcoming  the  resistance  of  the 
fluid  in  the  cell,  or  assisted  by  the  difference  in  the 
potential — electro-positivity  and  electro-negativity — of 
the  plates,  it  can  dissociate,  aud  its  atoms  following 
the  circuit,  and  uniting  in  some  part  of  their  course,  be 
transformed  into  radiant  energy.  Consequently  by 
increasing  the  resistance  of  the  circuit  ether  is  forced 
on  the  other  track,  radiating  as  heat  within  the  cell — 
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or  it  maj'^  retain  its  polarized  position  in  the  molecular 
induced  fields;  b)'^  decreasing  the  resistance  of  the 
circuit  the  heat  of  the  cell  is  lessened  and  the  electric 
current  is  increased. 

50.  The  apparatus  necessary  for  the  production  and 
application  of  the  galvanic  current  consists  of  the  fol- 
lowing parts:  A  cell^  generally  a  glass  jar,  in  which 
there  are  tzvo  plates — an  electro-positive  and  an  electro- 
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Fig.  10. 

Galvanic  cell :  a,  copper  plate,  electro-negative  attracting  positive  el  her  ^ 
B,  7.inc  plate,  electro- positive  attracting  negative  ether  and  acted  upon 
chemically  by  the  electro-negative  fluid ;  c.  electro-negative  fluid;  d, 
binding  posts;  e,  e,  conducting  wires;  <i  and  f,  electrodes,  anude  and 
cathode.  The  ether  is  split  up  on  the  surface  of  b,  and  the  atoms 
follow  their  course  to  c.  and  f,  which  must  be  connected  by  a  con- 
dncting  medium  or  media. 

negative^  surrounded  by  an  electro-negative  substance — 
usually  in  solution — capable  of  acting  chemically  on 
the  electro-positive  plate.  Each  plate  has  a  binding  post 
to  which  is  attached  a  conductor^  commonly  composed 
of  copper  wire,  and  which  is  covered  with  insulating 
material.  The  conductor  ends  in  a  tip  suitable  for  in- 
sertion into  an  electrode^  the  latter  being  a  conductor 
varying  in  size,  shape  and  material,  suitable  for  apply- 
ing the  current  to  numerous  surfaces.     The  electrode 
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attached  to  the  electro-negative  plate  is  called  the 
anode,  and  through  this  the  positive  current  enters  the 
part  to  which  electricity  is  applied.  The  electrode 
connected  with  the  electro-positive  plate  is  called  the 
calliode,  and  through  this  the  negative  current  flows. 
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51.  When  a  galvanic  current  is  passed  along  a 
metallic  conductor  the  changes  produced  partake  of  a 
vibratory  and  transient  character.  The  efifects  pro- 
duced by  the  current  on  a  fluid  are  usually  permanent 
and  characterized  by  chemic  dissociation.  If,  for  in- 
stance, two  plates  of  platinum  to  which  are  attached 
the  conducting  wires  of  a  galvanic  battery  are  dipped 
into  water,  the  water  thus  forming  part  of  a  circuit,  the 
current  on  passing  through  the  water  will  decompose 
it,  with  the  result  that  bubbles  of  oxygen  appear  on 
the  positive  plate  or  electrode,  and  bubbles  of  hydrogen 
on  the  negative  plate.  Pure  water  is  with  diflEculty 
decomposed,  but  if  sulphuric  acid  or  certain  salts  be 
added  to  the  water,  electrolysis  is  greatly  facilitated. 
If  the  current  be  passed  through  a  solution  of  sulphate 
of  copper,  the  result  will  show  copper  on  the  negative 
electrode,  but  the  sulphuric  acid  which  is  set  free, 
although  attracted  towards  the  negative  pole,  will  re- 
main in  solution.  Other  substances  under  like  condi- 
tions will  show  analogous  results  from  the  action  of 
the  current. 

If  instead  of  platinum,  plates  of  zinc  or  copper  or 
other  material  having  strong  potentials  be  used,  the 
newly  formed  sulphuric  acid  or  other  negative  elements 
attack    the    positive   electrode,   and  a  salt  is   formed. 
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The  action  is  entirely  chemic  and  is  not  produced  by 
the  current. 

The  following  table  shows  the  electrolytic  results  of 
substances  held  in  solution  . 


Positive 

pole. 

Electrolyte. 

N. 

jgative  pole 

0,. 

(H.O),. 

(H.y, 

so^. 

Cu  SO,. 

Cu.. 

CL.,. 

(Na  CI),. 

Na,. 

h. 

(K  I),. 

K,. 

acid. 

salt. 

base. 

The  proportions  of  the  elemeuts  decomposed  are 
equal  to  the  ratios  in  which  the  substances  combine: 
thus,  the  electrol3'sis  of  water  results  in  the  evolution 
of  8  gr.s.  of  oxygen  to  i  gr.  of  h3drogen,  or  of  these 
elements  in  the  ratio  of  8  :   i,  respectively. 

The  secondary  results  do  not  strictly  belong  to  elec- 
trolysis, and  vary  with  the  character  of  the  decomposed 
substauce  and  with  that  of  the  electrode.  Thus, 
chlorine  is  emitted  as  a  gas  if  a  platinum  electrode  is 
employed ;  but  with  a  copper  electrode,  chloride  of 
copper  is  formed.  Sodium  going  to  the  negative  pole 
decomposes  water  and  forms  an  oxide,  setting  hydrogen 
free.  In  the  decomposition  of  a  solution  of  potassii 
iodide,  iodine  and  ox3'gen  go  to  the  positive  pole,  and 
potassium  aud  hydrogen  to  the  negative,  the  potassium 
again  combining  as  an  oxide  or  hydrate.  The  iodine 
colors  the  solution  around  the  positive  pole  and  is  an 
excellent  means  of  distinguishing  the  poles. 

52.  The  solution  upon  which  the  current  acts  has 
been  named  an  electrolyte,  the  electro-negative  elements 
accumulating  at  the  positive  electrode  have  been  termed 
anions,  the  electro-positive  elements  at  the  negative 
electrode  are  called  cations^  aud  both  are  called  ions. 
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The  phenomena  connected  with  the  action  of  the  gal- 
vanic current  in  decomposing  substances  into  ions  are 
included  under  the  terra  electrolysis. 

The  definition  of  ion  may  be  given  as  a  free  atom 
dissociated  by  means  of  an  electric  current  or  other 
extrinsic  force y  which  has  assumed  t/ie  molecular  condi- 
tiony  and  which  is  subnortual  in  si::e  and  supernormal  in 
potential^  the  standard  of  normality  being  the  equilib- 
rium of  its  environment. 

53.  When  the  galvanic  current  passes  through  a 
fluid  the  ether  atoms  may  be  carried  along  by  means 
of  the  same  rhythmic  molecular  vibrations  that  take 
place  in  a  metallic  conductor  (§  7,  §  46)  or  by  other 
means  to  be  considered  (§  59 — 61).  The  results,  how- 
ever, are  different  after  neutralization.  When  positive 
and  negative  ether  atoms  meet  and  form  molecules, 
their  disposition  depends  un  the  resistance  encountered. 
Wheu  there  is  a  metallic  conductor  they  radiate  as 
heat,  that  being  the  direction  of  least  resistance.  When 
there  is  present  any  substance  through  which  by  a 
change  in  its  physical  state  or  chemic  construction  heat 
is  absorbed — that  change  offering  less  resistance  than 
heat  radiation — the  ether  molecules  concentrate  their 
force  on  the  changeable  substance  and  disrupt  or  vola- 
tilize its  molecules.  An  ether  molecule  concentrated 
on  a  molecule  of  a  substance  must  be  equal  in  tempera- 
ture to  an  immense  amount  of  heat  applied  to  the 
substance  at  large.  The  first  step  in  electrolysis  is 
heat  applied  to  molecules  individually,  and  the  process  is 
completed  by  the  inducing  injlnence  of  the  current^  as 
shown  in  Fig.  xi.  The  molecules  of  ether  become 
polarized  in  the  induced  fields  of  ions  and  represent 
the  transformed  potential. 
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Fig.  II. 
The  nascent  molecule  of  ether  is  shown  as  entering  the  ponderable  mole- 
cule in  the  electrolyte  and  disrupting  it ;  O,  electro-positive,  and  •, 
electro-negative  atoms  or  iuns  seeking  tbc-ir  respective  poles. 

The  electric  resistance  of  fluids  being  immensely 
greater  than  that  of  the  conducting  wire,  the  whole 
electric  current  is  transformed  within  the  electrolyte. 
It  is  probable  that  the  parts  of  the  electrolyte  offering 
most  resistance  are  its  borders,  owing  to  the  difference 
in  the  normal  vibrations  of  the  plates  and  of  the  electro- 
lyte. At  whatever  part  of  tlie  electrolyte  decomposition 
takes  place  the  ions  are  carried  to  their  respective  poles, 
not  by  displacement y  but  by  the  attraction  and  repulsion 
of  the  current  acting  upon  their  increased  potentials. 
The  process  by  which  they  are  carried  to  the  poles  is 
identical  with  that  of  driving  a  soluble  salt  of  mercury 
from  the  positive  and  a  solution  of  iodine  from  the 
negative  pole  by  induction  (§  59 — 61). 

If  the  electrolyte  contain  such  a  substance  as  hydro- 
chloric acid  (H  CI)..,  the  ions  being  both  gases,  hydro- 
gen, H,  and  chlorine,  CI,  the  amount  of  electric  force 
spent  in  decomposing  the  acid  will  bear  a  direct  pro- 
portion to  the  heat  that  has  been  absorbed  in  the  action; 
or  to  the  difference  between  the  potential  of  the  ions 
and  the  potential  of  the  electrolyte.     If  the  electrode  is 
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acted  upon  by  chlorine,  the  action  is  not  electrolytic 
and  need  not  be  considered. 

54.  The  ether  changes  that  take  place  are  as  follows : 
Separated  ether  atoms  unite  to  form  ether  molecules; 
the  ether  molecules  as  heat  acting  on  the  molecules  of 
hydrochloric  acid  (or  other  electrolytic  elements),  split 
them  up,  at  the  same  time  the  attractions  and  repul- 
signs  of  the  current  separate  the  chlorine  and  h5'drogen, 
the  ether  remaining  polarized  in  the  induced  fields  of 
these  ions.  When  there  are  secondary  reactions,  such 
as  potassium  and  water  acting  on  each  other,  the 
chemic  potential  of  water  has  to  be  considered  as 
assisting  the  action  of  the  current,  by  depreciating  a 
polarized  potential. 

The  law  governing  electrolysis  niaj'^  be  stated  thus : 
The  difference  between  the  potential  of  the  electrolyte 
and  the  potential  of  the  ions  is  in  direct  ratio  to  the 
amount  of  the  decomposing  current. 

I      When  a  molecule  is  split  up  into  atoms  by  electro- 
lysis the  latter  are   ionized.     The  ions  absorb  energy 

[according  to  their  polar  potentials  or  chemic  valencies. 

fThus  the  ionization  of  two  atoms  of  hydrogen  absorbs 
an  amount  of  energy  equal  to  the  amount  absorbed  by 
>ne  atom  of  oxygen.  That  is  to  say,  ions  have  a  defi- 
nite increased  potential,  have  a  corresponding  increased 
polarization  of  ether  in  their  iuduced  fields,  and  the 
increase  is  according  to  their  valencies.  An  atom  dis- 
sociated from  a  molecule  is  supplanted  by  a  definite 
amount  of  polarized  ether.  The  dissociated  ponderable 
atom  was  within  the  ponderable  body  of  the  molecule, 
and  the  polarized  ether  is  within  the  induced  field  of 
the  ionized  molecule. 

It  must  be  kept  in  view  that  any  fluid  within  the 
ircle  will  constitute  an  electrolyte.     Thus  the  fluid  in 
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the  meshes  of  a  sponge  or  other  electrode  may  hold  in 
solution  a  substance  convertible  into  ions. 

Polarized  Current 

55.  As  a  result  of  electrolysis  the  ions  accumulate  at 
electrodes.  Their  further  progress  is  barred  by  the 
solid  character  ,of  the  circuit.  They  have  gained  a 
chemic  potential  at  the  expense  of  the  electric  force, 
and  tlieir  tendency  is  to  reunite  under  a  lower  poten- 
tial. Thus  chlorine,  iodine,  acids,  and  other  chemically 
negative  elements  collected  at  the  positive  pole,  and  the 
alkalies,  metals,  and  other  chemicall}'^  positive  elements 
at  the  negative  pole,  because  of  their  mutual  attractions, 
will  unite  when  the  conditions  are  favorable.  The 
union  will  take   place  according   to  the   law  of  least 
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tilnstration  of  the  Polarizing  Movement  by  Displacement. 

resistance.  Whether  this  change  is  accomplished  by 
displacement,  or  by  positive  and  negative  ions  actually 
moving  towards  each  other  and  meeting  somewhere  in 
the  electrolj'te,  cannot  be  proved.  The  more  the  elec- 
trolyte approaclies  solidity,  the  more  favorable  are  the 
conditions  towards  union  by  displacement;  the  more 
the  liquid  approaches  the  gaseous  state,  the  more 
favorable  the  conditions  towards  actual  transverse.  An 
electric  spark,  the  cathode  raj's,  cataphoresis  and  elec- 
trolysis are  instances  of  actual  transfer  of  matter  taking 
place  during  current  action,  whilst   the   Daniell   cell 
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probably  furnishes  an  instance  of  a  current  produced 
by  successive  atomic  displacement  {  §  iii). 

When  by  the  chemic  union  of  the  ions  ether  is  set 
free  it  is  influenced  b}'  the  attractions  and  repulsions  of 
the  electro-positive  aud  electro-negative  plates  in  the 
batteries  just  as  in  the  case  of  the  ether  set  free  at  the 
zinc  plate  by  the  action  of  sulphuric  acid.  However, 
there  is  the  important  difference  of  the  polarized  current 
being  in  the  opposite  direction  to  that  of  the  original 
current.  Thus  as  the  ions  accumulate  the  polarized 
potential  tends  to  obstruct  the  original  current,  the 
latter  decreasing  accordingly,  and  as  the  ions  move 
toward  the  point  of  union  they  assist  in  giving  direction 
to  the  polarized  current. 

The  polarized  current  is  easily  demonstrated  by 
passing  the  galvanic  current  through  an  electrol3'te  of 
water  and  sulphuric  acid,  using  platinum  electrodes. 
The  original  current  will  be  found  to  decrease  as  the 
ions  accumulate,  the  ions  forming  an  embankment  of 
resistance  to  the  original  current.  If  the  battery  is 
then  removed  but  the  circuit  maintained,  the  galvan- 
ometer will  show  a  current  in  the  opposite  direction 
which  will  gradually  decrease  as  the  ions  reunite,  the 
differential  polarity  of  the  accumulated  ions  determin- 
ing the  direction  of  the  current.  Thus  the  positive 
ether  will  seek  the  negative  ions,  and  the  negative  ether 
will  seek  the  positive  ions,  the  embankment  of  ions 
and  the  plates  in  the  cell  acting  together  in  directing 
the  current. 

56.  The  following  tabulation  expresses  the  various 
transmutations  of  force  connected  with  the  galvanic 
current. 

Battery  Action 
Chemic  potential  transformed  into  electric  action — 
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ether  set  free  from  the  polarized  fields  of  reacting  mole- 
cules. 

Electrolysis 
Electric  action  transformed  into  chemic  potential — 
ether  absorbed  into  the  polarized  fields  of  molecules  or 
ions. 

Polarized  Current 
Chemic  potential  transformed  into  electric  current — 
polarized  ether  again  set  free. 

Cataphoresis 


57.  When  two  fluids  of  different  densities  are  sep- 
arated by  an  animal  membrane  transfusion  takes  place, 
and  the  movement  is  greater  from  the  less  dense  to  the 
denser  fluid.  The  phenomenon  has  been  termed  osmo- 
sis.    The  causes  of  osmotic  action  are  as  follow : 

/.  A  difference  in  the  quality  or  quantity  of  the 
potentials  of  the  molecules  of  the  two  fluids  pro- 
duces an  attraction  identical  with  chemic  affinity  but 
not  sufficiently  strong  to  effect  atomic  dissociation. 
That  two  substances  of  strong  chemic  affinity  will 
mix  without  chemic  action  occurring  is  easily  demon- 
strated. Thus  oxygen  and  hydrogen  gases  may  dif- 
fuse without  chemic  action  taking  place.  But  if  the 
union  is  stimulated  by  electric  action,  which  causes 
molecular  polarization — a  step  towards  dissociation — 
the  effect  is  instantaneous. 

2.  The  difference  in  the  dimensions  of  the  inter- 
molecular  spaces  of  two  fluids  is  a  disturbance  in  the 
equilibrium  between  ether  and  matter — a  difterence 
of  physical  potential.  Transfusion  tends  to  readjust 
the  equilibrium. 
J.  The  atmospheric  pressure  on  the  surfaces  of  the 
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two  fluids  is  a  cause.  Transfusion  apparently  occurs 
in  opposition  to  this  force  as  one  fluid  rises  above  the 
level  of  the  other,  but  this  merel}-  indicates  that  the 
two  other  forces  are  strong  enough  to  act  against  the 
last. 

58.  Osmosis  may  be  assisted,  retarded  or  prevented 

'W  the  electric  current,  or  if  the  current  is  sufficiently 

strong  transfusion  ma}'  manifest  itself  in  the  opposite 

direction  to  the  ordinary  osmotic  flow.     Furthermore 

electric  osmosis  occurs  when    the   same  liquid  is  on 

both  sides  of  the  porous  partition,  while  simple  osmosis 

requires  different  fluids.     The  phenomena  embraced  in 

electric  osmosis  have  been  termed  calaphoresis. 

Dffinition,  For  the  purposes  of  this  work  cataphore- 
sis  is  defined  as  the  transposition  of  substances  in 
solution,  b}'-  the  electric  current,  without  chemic 
decomposition.  The  line  is  thus  distinctly  drawn  be- 
tween cataphoresis  and  electrolysis,  the  latter  being 
chemic  and  the  former  physical  in  character.  Whether 
a  salt  is  subject  to  electrolysis  or  to  cataphoresis  depends 
on  the  strength  of  the  current,  on  the  stabilitj^  of  the 
salt,  and  on  the  electric  resistance  of  the  medium. 

Calaphoresis  takes  place  from  both  poles.  Thus  a 
solution  of  iodine  placed  on  the  negative  electrode,  or  a 
soluble  salt  of  mercury  placed  on  the  positive  electrode, 
*ill  be  carried  toward  the  opposite  pole  by  cataphorctic 
action. 
59.  Cataphoresis  is  accomplished  by  two  methods: 

/.  A  molecule  may  be  directly  electrified  and 
carried  toward  the  opposite  pole.  Particles  of 
carbon  from  the  point  in  an  incandescent  lamp  are 
carried  from  the  positive  to  the  negative  pole,  and 
particles  of  air  at  either  pole  are  electrified  and  form 
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a   spark.     These    phenomena    are    based    on    this 
method  of  cataphoresis. 

2.  Cataphoresis  is  accomplished  by  induction. 
The  current  consisting  of  moving  electrified  parti- 
cles, or  of  electricity  moving  by  molecular  vibration, 
causes  an  opposite  current  of  other  particles  bj' 
induction. 

If  there  be  intercalated  in  a  circuit  through  which  a 
current  is  flowing,  a  strip  of  sarcous  element  of  muscle, 
the  strip  at  the  same  time  being  observed  under  the 
microscope,  there  will  be  seen  to  be  a  swelling  of  the 
cathodal  and  a  shrinking  of  the  anodal  end.  This  is 
called  Porret's  phenomenon  in  living  muscle.  It  dem- 
onstrates that  cataphoresis  is  practicable  in  a  semi-fluid 
material. 

60.  For  practical  purposes  cataphoresis  cau  be  divided 
into: 

/.  Anodal  cataphoresis,  embracing  the  diffusion  by 
induction  of  solutions  of  alkali,  metallic,  and  alka- 
loidal  salts  and  other  electro-positive  compounds. 
Electro-negatives  under  certain  conditions  may  be 
carried  from  the  positive  pole  by  direct  electrification. 
Water  being  electro-positive  (§  36)  is  carried  from 
the  anode  by  induction. 

2.  Cathodal  catapboresis,  embracing  the  diffusion 
of  iodine  and  other  negatives  from  the  negative  pole 
by  induction.  Electro-positives  may  be  carried  by 
direct  electrification  (§  237)  from  the  negative  pole. 
Practically,  cataphoresis  is  accomplished  by  induc- 
tion— positive  elements  from  the  positive  pole  and 
negative  elements  from  the  negative  pole. 
When  the  current  enters  a  liquid  some  of  the  mole- 
cules are  charged.  The  charge  and  the  electrically 
opposite  atoms  of  the  electrified  molecules  are  attracted. 
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From  this  point  the  current  follows  one  of  two  courses. 
It  carries  the  molecule  along  with  it — cataphoresis — 
and  by  meeting  the  opposite  current  and  neutralizing 
it  disrupts  the  molecule  by  heat— electrolysis — the 
atoms  then  seeking  the  poles  inductively  according  to 
their  positive  and  negative  potentials;  or,  the  current 
by  means  of  molecular  vibration  is  conveyed  to  the 
point  of  neutralization  where  it  will  act  as  in  electroly- 
sis. It  is  apparent  that  the  course  depends  entirely  on 
the  molecular  character  of  the  medium. 


^  ^  ^  9^. 


Fig.  13. 
Transmission  by  Direct  Klectri6eatioa  of  Molecules 
and  by  Vibration. 

61.  Direct  electrification  of  molecules  depends  upon 
the  relative  atomic  weights  and  qualitative  potentials 
of  the  molecules  preseut  in  the  solution,  the  current 
selecting  molecules  of  opposite  potentials  and  of  small 
weight.  The  smaller  the  atomic  weight,  the  less  the 
resistance  offered.  The  molecules  selected  will  also 
depend  on  the  size  of  the  current  (§  237). 

In  Fig.  13  there  are  represented  molecules  of  water, 
no  other  element  being  preseut,  the  larger  atom  being 
oxygen,  and  the  smaller  atoms  hydrogen.  When  the 
positive  current  enters  the  wnter  it  electrifies  the 
oxygen  atom  which  forms  the  greater  part  of  the  mole- 
cule. The  hydrogen  atoms  are  repelled  by  the  positive 
electrification,  but  not  to  the  extent  of  disruption.  As 
the  axis  of  the  molecule  is  involved  in  the  electrifica- 
tion, and  as  there  is  slight  cohesion,  the  molecule 
moves    forward    towards    the    negative    pole,    and   the 
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movement  is  catapboretic.  At  the  point  of  neutraliza- 
tion of  the  currents  the  atoms  of  the  molecule  are 
dissociated,  and  oxygen  immediately,  by  induction, 
seeks  the  pole  to  which  its  potential  directs,  hydrogen 
going  in  the  opposite  direction ;  or,  if  the  current  is 
not  sufficiently  strong  to  produce  electrol3'sis,  the  water 
is  heated  as  a  whole.  When  the  negative  current 
enters  the  water  electrihcation  of  the  hydrogen  part  of 
the  molecule  takes  place,  but  it  is  polar  and  does  not 
involve  the  molecular  axis.  On  the  contrary,  the 
greater  bulk  of  the  molecule  is  repelled.  Therefore 
the  molecule  may  maintain  its  position  and  the  nega- 
tive current  may  proceed  by  vibration  to  the  point  of 
neutralization.  Molecules  of  ivater  not  electrified  will 
seek  the  negative  pole  by  induction.  Consequently  the 
catapboretic  action  of  the  current  on  water  is  a  flow 
towards  the  negative  pole.  It  is  important  to  note  that 
the  negative  current  evidently  meets  with  a  different 
degree  of  resistance  from  that  met  by  the  positive  in 
passing  through  water. 

62.  Any  substance  held  in  solution,  which  because 
of  its  relative  potential  is  not  electrified  directly,  will 
seek  the  pole  to  which  its  potential  leads.  This  occurs 
from  the  inductive  influence  of  the  current.  The  pos- 
itive current  will  not  electrifN*  iodine  in  the  presence  of 
oxygen,  owing  to  the  more  negative  character  and  less 
atomic  weight  of  oxygen.  Therefore  iodine  b^'  its 
potential,  and  through  induction,  seeks  the  positive 
pole,  if  the  current  is  not  sufficiently  powerful  to  influ- 
ence it  by  direct  electrification.  In  the  latter  case 
iodine  is  carried  from  the  positive  pole,  as  in  the  case 
of  spermatozoids  (§  237).  Iodine  is  carried  by  induc- 
tion from  the  negative  pole,  whilst  most  soluble  salts 
because  of  their  positive  potentials  are  carried  by  in- 
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d action  from  the  positive,  the  potential  of  salt  being 
usually  on  the  side  of  the  base. 

63.  Cataphoresis  of  Nascent  Salts.  By  placing  a  solu- 
tion of  any  metallic  salt  on  the  positive  electrode  it  will 
diffuse  towards  the  negative.  If  there  be  employed  a 
positive  electrode  of  copper,  zinc,  silver,  or  an  amalgam 
of  mercury,  there  will  be  formed  soluble  salts  b}'  the 
oxygen,  chlorine  and  other  electro-negatives  of  the 
electrolyte  combining  with  the  metal  of  the  electrode. 
The  nascent  salt  is  most  frequently  an  oxychloride,  but 
it  is  evident  that  iodides,  bromides,  and  other  salts  under 
favorable  conditions  can  be  formed.  A  nascent  salt 
thus  formed  is  subject  to  the  laws  of  cataphoresis  and 
is  carried  toward  the  negative  pole. 

In  the  cataphoresis  of  nascent  salts  an  electrol3^tic 
followed  by  a  chemic  action  takes  place,  the  latter 
being  followed  by  cataphoresis.  It  is  clear  that  any 
electro-positive  substance,  whether  composing  the  pos- 
itive electrode  or  merely  placed  at  the  positive  pole, 
which  is  capable  of  forming  a  soluble  salt  with  the 
electro-negative  elements  of  the  electrolyte,  will  be 
subjected  to  cataphoretic  action  by  the  current.  Thus 
numerous  metals  other  than  those  named,  alkaloids, 
alkalies,  and  other  electro-positives  may  be  made  to 
diffuse  into  an  electrolyte. 

64.  The  amount  of  cataphoretic  work  done  has  a 
direct  relation  to  the  amount  of  current  used,  but  the 
character  of  the  fluid  on  which  the  current  acts — the 
amount  of  concurrent  electrolytic  work — has  to  be 
taken  into  account. 

Kohlrausch  discovered  that  atoms  have  distinctive 
rates  of  motion  in  a  given  liquid,  independently  of 
their  combinations.  Lodge  gives  the  following  table 
of  the  speed  of  atoms  of  the  substances  mentioned,  the 
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potential  being  one  volt  per  lineal  centimeter  of  the 
electrolyte : 


BLE  OF  CATAPHORETIC  SPEED  OF   ATOMS 

Hydrogen 

1.080  centimeters  per  hour. 

Potassium 

0.205  centimeter  per  hour. 

Sodium 

0.926          "           "       " 

Lithium 

0,94             "           "       " 

Silver 

0.166           "           "       " 

Carbon 

0.213           "            "       " 

Iodine 

0.216           "            "       " 

The  table  is  valuable  in  demonstrating  the  principle 
of  atomic  differential  speed.  The  relative  speed,  how- 
ever, will  differ  if  elements  of  greater  potential  are 
present  in  the  electrolyte.  Thus  with  oxygen  and 
iodine  in  the  electrolyte  the  current  would  electrify 
oxygen  to  the  extent  of  its  capacity  before  charging 
the  less  negative  and  heavier  iodine. 


CHAPTER   IV 


Electrification  by  Induction 


65.  Definition.  Electrification  of  a  body  at  a  dis- 
tance from  the  seat  of  the  electrifying  force.  Induction 
is  electrification  through  the  medium  of  polarized  ether, 
a  non-conductor  intervening  between  the  locations  of 
the  inducing  and  induced  forces.  It  is  the  manifesta- 
tion of  an  electrification  by  placing  a  conductor  within 
the  sphere  of  influence  of  an  electric  potential.  A 
general  definition  is  as  follows: 

Induction  is  a  disturbance  in  the  neutralization  of 
the  forces  of  a  body  by  it  being  placed  within  the  influ- 
ence of  a  primary  potential,  the  neutralization  between 
the  primary  potential  and  surrounding  forces  being 
subject  to  reactions  between  the  latter,  all  reactions 
taking  place  according  to  the  inverse  square  of  dis- 
tance. 


-        +[ 


Fig.  H. 
Electrification  by  Induction. 

66.  If  an  electrified  body  and  a  non-electrified  con- 
ductor be  approximated,  but  not  brought  into  contact, 
the  latter  will  take  on  electrification  as  follows:     The 
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distal  end  will  be  electrified  similarly  to  the  pri- 
marily electrified  bod\',  and  the  proximate  end  will 
show  opposite  electrification.  Tbtis  in  Fig.  14  a  rep- 
resents an  electrified  body,  and  b  a  body  having  the 
property  of  conduction.  As  the  body,  A,  is  electrified 
positively,  the  distal  end  of  the  conductor,  B,  will  be 
also  positively  electrified,  and  the  proximate  end  nega- 
tively. As  A  and  b  are  not  connected  by  a  conductor, 
B  is  said  to  be  electrified  by  induction.  If  b  is  removed 
to  a  distance  from  a  the  electrification  of  B  immediately 
disappears.  By  the  removal  of  b  no  force  has  been 
removed,  and  the  force  that  induced  the  electrification 
of  B  still  remains,  the  presence  cf  b  enabling  the  force 
to  be  manifested.  What  does  the  force  act  upon  in 
the  absence  of  the  conductor,  b  ?  Our  answer  to  this 
question  is  :  That  in  the  absence  or  presence  of  the 
conductor,  h,  tlie  inducing  force  acts  directly  or  indi- 
rectly upon  the  ether  surrounding  the  electrified  body, 
A.  with  the  result  of  ether  polarization  subject  to  the 
law  governing  the  reaction  of  forces.  Let  us  consider: 
There  are  two  bodies,  one  charged  positively  and  the 
other  negativel}'.  Their  potentials  neutralize  each 
other  iu  inverse  proportion  to  the  square  of  the  distance 
asunder.  As  the  distance  between  the  two  bodies  in- 
creases, that  is,  as  the  mutual  neutralization  of  their 
forces  decreases,  reaction  between  the  primary  potentials 
and  the  potentialsof  the  proxima  te  bodies  occurs,  and 
this  reaction  has  been  termed  induction.  The  following 
law  may  be  formulated  :  Induction  increases  in  direct 
propottion  to  (he  square  of  the  distance  of  the  primary 
potentials^  and  in  direct  proportion  as  the  reaction  between 
the  primary  potentials  decreases.  The  primary  or  in- 
ductive potentials  will  act  differentially  on  the  forces  of 
the  material  within  the  induced  field  according  to  the 
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law  of  the  reaction  of  forces.  It  is  evident  that  if  polar- 
izable  ponderable  matter  is  present  in  the  induced  field 
it  will  be  polarized  in  preference  to  the  ether.  On  the 
other  hand  if  the  ponderable  material  in  the  induced 
field  possess  slight  molecular  potentials  and  offer  great 
resistance  to  molecular  polarization  (exmolecular  neu- 
tralization) the  ether  may  be  polarized.  Each  molecule 
of  ether  or  of  ponderable  matter  will  be  acted  upon  and 
■will  react  according  to  the  law  of  forces,  It  is  also 
evident  that  molecular  potentials  of  ponderable  matter 
will  polarize  the  ether  in  the  molecular  vibratory  or 
free  spaces  according  to  the  same  law,  when  ether  is 
the  only  form  of  matter  present.  Furthermore  it  is 
evident  that  the  difiereuce  between  induced  forces 
and  primary  forces  is  in  the  form  of  neutralization 
of  the  forces,  and  that  induction  is  essential  to  the 
preservation  of  the  equilibrium  existing  on  the  part 
of  matter  and  force  in  relation  to  space,  and  is  a 
manifestation  of  the  neutralization  of  force,  and  is 
subject  to  the  same  law  as  reactions  between  pri- 
mar}'  potentials.  The  force  of  an  electrified  bodj-  is 
neutralized:  (i)  By  a  qualitatively  opposed  electrifica- 
tion created  simultaneously  with  itself;  (2)  by  the 
inductive  potential  of  ponderable  molecules;  (3)  by  dis- 
turbing the  imiuolecular  neutralization  of  ponderable 
or  ether  molecules;  the  two  latter  being  designated  as 
induced  because  a  previous  neutralization  has  been  dis- 
turbed by  the  primary  force. 

67.  In  Fig.  15  the  surrounding  ether  is  represented 
as  polarized  by  the  positive  electrification  of  the  insu- 
lated body,  A.  The  positive  atoms  of  ether  being 
repelled  and  the  negative  atoms  attracted.  It  is  evi- 
dent that  if  a  body  whose  molecules  vibrate  freely — a 
conductor — is  introduced  within  the  area  of  polarization 
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the  molecules  of  such  a  body  will  become  polarized  and 
will  manifest  themselves  accordingly. 

The  electrification  of  the  body,  a,  is  an  electric  poten- 
tial and  the  induced  force  or  induced  polarization  is 
directly  proportional  to  the  amount  of  primar}-  electrifi- 
cation. What  is  true  of  induction  by  electric  potentials 
must  be  true  of  all  potentials.  Chemic  potentials 
which  are  identical  with  electric  potentials — both  hav- 
ing the  same  fundamental  units — must  have  induced 
forces,  and  each  molecule  must  have  its  induced  area — 
electric  or  magnetic  field  {§  19). 
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Fig-  15 
Polarizalion  of  Elher  in  the  Ituhiced  Field. 


68.  The  term  magnet  has  been  applied  to  certain 
bodies  that  attract  iron.  The  natural  magnet  is  a  ferric 
oxide,  FcaOi,  which  has  been  magnetized  through  the 
inducing  influences  of  the  currents  of  the  earth.  Soft 
iron  is  quickly  magnetized  and  demagnetized;  whilst 
hard  iron  requires  greater  force,  but  retains  its  mag- 
netization longer  or  permanently,  the  permanency  de- 
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pending  on  molecular  rigidity  (§  38)  or  fixed  polarity. 

69.  If  a  magnet  be  divided,  each  part  will  be  a  com- 
plete magnet.  If  a  body  that  is  electrified  by  induction 
be  divided,  the  terminal  parts  are  found  to  be  electrified, 
one  positively  and  the  other  negatively,  and  the  sur- 
faces of  the  terminal  bodies  or  parts,  on  removal  from 
the  electric  field,  are  found  to  be  equipotentially  elec- 
trified. This  demonstrates  that  ether  is  dissociated  by 
induction  and  the  atoms  polarized  at  the  terminals  of 
the  induced  body.  Without  division  of  the  body  in- 
duced electrification  disappears  on  removal  from  elec- 
tric influence;  magnetization  may  be  more  or  less  per- 
manent. Magnetization  and  electrification  are  identical 
in  that  they  depend  upon  the  force  of  ether  atoms  as 
their  ultimate  units.  Magnetization  is  the  polariza- 
tion of  ponderable  molecules,  with  polarized  molecular 
ether  in  the  molecular  polar  fields.  In  induced  elec- 
trification the  ponderable  molecules  are  also  polarized, 
but  intermolecular  ether  is  split  up  into  its  atoms, 
and  the  latter  are  polarized  at  the  poles  of  the  conductor. 
The  poles  of  a  magnet  have  no  free  ether  atoms  whilst 
the  poles  of  an  induced  conductor  have  free  ether 
atoms  which  are  insulated  and  separated  from  each  other 
when  the  conductor  is  divided  (Figs.  87,  124). 

70.  When  a  conductor  such  as  copper  is  placed 
within  an  electric  or  magnetic  field  the  inductive  force 
through  ether  polarizes  the  molecules  of  the  copper, 
but  produces  no  pronounced  disturbance  in  the  mutual 
relations  of  the  ultimate  units  of  the  atoms  (§  22). 
When  a  magnetizable  body  such  as  iron  is  subjected 
to  the  influence  of  a  magnetic  or  electric  field,  the 
molecules  are  polarized  the  same  as  in  the  other  con- 
ductor, but  with  the  remarkable  additive  manifestation 
of  ultimate  unit  polarization.     This  is  a  potential  of 
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Fig.  i6, 
Representiag  copper  and  iron  molecules,  polatited  and  depolarized,  show- 
ing potential  of  placement  (J  30):    a,  copper  molecules  depolarized; 
B,  same  polarized  ;  c,  iron  molecules  depolarized  ;  D,  same  polarized. 

placement  based  on  the  grouping  of  ultimate  units, 
which,  although  ueutralized  immolecularly,  are  easil3- 
disturbed  b^'  exmolecular  stimulus.  It  is  clear  that 
the  introduction  of  a  magnetizable  body  into  an  in- 
duced magnetic  or  electric  field  will  be  a  re-enforcemeut 
of  the  energy  of  the  field — the  polarization  of  the  ether 
of  the  field  and  the  polarization  of  the  magnet  being 
in  the  same  direction,  the  direction  being  governed  by 
the  character  of  the  primarj'  electrification,  and  the 
kinetic  potential  of  the  one  being  supported  b}'  the 
inherent  although  previously  latent  potential  of  the 
other.  The  expenditure  of  force  is  six  times  greater 
in  the  iron  molecule  in  comparison  to  the  copper  mole- 
cule in  electric  conduction,  but  this  propert}'  depends 
on  the  molecular  vibratory  balance.  Forces  which  in 
a  depolarized  iron  molecule  are  directed  to  the  molec- 
ular equator  in  a  polarized  molecule  are  partially  di- 
rected to  the  poles.  It  is  possible  that  each  atom  of  iron 
during  magnetization  acts  as  a  molecule.  The  induced 
force  therefore  emerges  from  the  magnet,  re-enforced  by 
the  inherent  potential  based  upon  the  distance  between 
neutralizing  ultimate  units  of  the  molecules  of  the 
magnet. 

Iron  is  attracted  by  a  magnet  because  of  its  inherent 
potential,  and  it  is  attracted  to  either  pole  of  a  magnet 
because  of  the  property  possessed  by  its  molecules  of 
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changing  their  poles.     This  property  depending  on  the 
relative  movability  of  the  ultimate  units. 

Fig.  17,  A,  B  and  c,  represents  the  polarized  ether  or 
polarized  particles  in  the  polar  electric  or  magnetic 
fields  of  a  magnet  or  of  an  induced  electrified  body. 


Fig.  18. 
A,  showing  Induced  Field  of  Electric  Current  (crosS'Section  ; 
B,  Revolutious  of  Ether  around  Current  (longitudinal). 

71.  When  a  current  is  passing  through  a  wire  the 
ether  surrounding  the  wire  is  polarized  by  the  current. 
Fig.  18  represents  the  electric  field  or  area  of  induced 
polarization  of  a  current.  Wlietlicr  the  ether  in  the 
electric  field  of  a  current  is  merely  polarized,  or  whether 
there  is  a  stream  of  positive  ether  in  one  direction  and 
of  negative  ether  in  the  opposite,  depends  on  the  in- 
tensity of  the  current. 

72.  A  solenoid  is  a  coiled  conductor  formed  by  wind- 
ing copper  wire  over  a  cj'linder,  the  wire  forming  part 
of  a  circuit.     It  is  evident  that  the  current  on  passing 


Fig.  19. 
Representation  of  a  Solenoid  surrounding  an  Iron  Core. 
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through  the  coils  of  a  solenoid  will  produce  an  intense 
electric  field,  the  ether  being  in  a  state  of  stress  from 
the  concentrated  inducing  forces  of  the  coil ;  and  that 
the  field  is  still  more  intensified  by  the  presence  of  an 
additional  potential  of  magnetized  iron. 
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Fig.  20. 
Showing  electrified    body   and 
induced    circuit    within    in- 
duced polarized  field. 
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Fig.  21. 

Showing  induced  polarized  area  of  cur- 
rent  with  induced  circuit  (cross- 
section  of  primary  circuit). 


73.  When  part  of  a  metallic  circuit  is  placed  within 
the  area  of  ether- polarization,  a.s  in  an  electric  or  mag- 
netic field,  it  is  found  that  any  modification  of  intensity 
in  the  field,  or  anj'  modification  of  the  relative  position 
of  the  circuit  to  the  polarized  field,  that  takes  place  will 
be  manifested  in  the  circuit.  Thus,  if  the  polarized 
field  is  moved  backward,  the  galvanometer  needle  will 
indicate  a  current  in  a  certain  direction.  If,  after  the 
galvanometer  needle  is  at  rest,  the  field  is  moved  for- 
ward the  galvanometer  will  indicate  a  current  in  the 
opposite  direction.  The  same  manifestations  will  take 
place  in  the  induced  circuit  as  a  result  of  changing  the 
positive  to  negative  electrification,  or  conversely ;  or  of 
changing  the  direction  of  a  primary  current.  As  a 
result  of  these  changes  the  galvanometer  will  show  a 
true  alternating  current — a  current  that  alternates  be- 
tween two  potentials,  a  positive  and  a  negative,  each 
sv^nng  crossing  the  zero  line  (Fig.  22). 
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Fig.  22. 
Representing  AlternatioK  Carrent 


74.  If  the  electrified  body  is  moved  foward  and  then 
backward  to  the  starting  point  quickly,  or  if  the  elec- 
trification is  entirely  cut  off  as  in  breaking  the  primary 
circuit,  there  will  be  a  current  in  the  induced  coil 
vibrating  between  zero  and  a  potential.  Such  a  current 
is  an  interrupted  current  as  shown  in  Fig.  23. 
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FiK.  23- 
Representing  Interrupted  Current. 

75.  Rapidly  interrupted  or  alternating  currents  can- 
not be  measured  by  a  galvanometer,  because  of  the 
mechanical  impossibility  of  the  needle  following  the 
variations  of  the  current. 

The  induced  current  is  alwa^'s  in  the  opposite  direc- 
tion to  the  current  that  produced  it,  or  the  direction 
is  such  that  it  is  opposed  to  the  movement  that  pro- 
duced it.  The  induced  current  neutralizes  the  primary 
current,  the  two  currents  being  in  passing  equilibrium. 


Faradic  Apparatus 

76.  In  the  faradic  battery  the  number  of  cells  re- 
quired is  from  two  to  six.  Tliese  cells  give  the 
initiatory  electro-motive  force.  The  copper  wire  of  the 
primary  circuit  is  comparatively  stout  and  short,  so  as 
to  offer  little  resistance  to  the  current.  It  forms  a 
solenoid  around  the  core. 
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the  primary  current.  The  re-enforcement  is  by  a  po- 
tential of  relative  position  of  the  qualitatively*  diflferent 
units  within  the  iron  molecule — the  positivities  are 
more  or  less  grouped  together,  likewise  the  negativities, 
immolecular  neutralization  (Fig.  14)  taking  place  at 
relatively  greater  distances,  hence  a  latent  potential. 

The  secondary  circuit  consists  of  a  comparatively 
thin,  long  wire  with  many  txirns  in  its  coil.  This  coil 
is  generally  constructed  so  as  to  slide  over  the  primary 
coil,  its  relative  position  to  the  electric  field  being  thus 
capable  of  modification.  Secondary  coils  varj-  in  length 
from  a  few  hundred  feet  to  seven  or  eight  thousand  feet, 
and  in  thickness  from  No.  18  to  No.  36  wire.  Separate 
coils  can  be  made  of  any  length  and  thickness,  giving 
the  operator  the  choice  of  selecting  and  adjusting  the 
one  furnishing  the  desired  current.  A  continuous  coil 
is  manufactured  consisting  of  over  7,000  feet  and  tapped 
at  different  points,  giving  the  choice  of  a  number  of  sec- 
tions, or  combinations  of  sections,  diiTeriug  in  thickness 
and  length  of  wire,  each  furnishing  a  current  of  pecu- 
liar and  distinguishable  character. 

77.  The  make  and  break  is  not  only  an  essential  part 
of  a  faradic  apparatus,  but  it  is  a  most  important  factor 
in  determining  the  character  of  the  current.  The  in- 
teusit}',  physiologic  elTect  and  therapeutic  value  of  tlie 
current  depend  in  a  greater  degree  on  its  rate,  smooth- 
ness and  uniformity  of  its  action  than  upon  the  charac- 
ter of  any  other  part  of  the  apparatus.  Current  breakers 
may  be  divided  into  two  classes: 

/.  Those  that  are  inserted  within  the  primary  cir- 
cuit and  derive  their  motive  power  from  the  primary 
current. 

2.  Those  that  are  outside  of  the  primary  circuit 
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and  have  an  independent  battery  force  as  their  motive 

power. 

The  vibration  of  the  first  class  depends  on  the 
attraction  of  the  magnetized  core,  and  the  rebound  of 
the  spring  during  demagnetization. 

The  following  description  of  a  spring  vibrator  will 
sufficiently  show  the  principle  involved  in  all.  InjFig. 
25,   the  knob  of   the  spring   is  within  the  magnetized 


Fig.  25, 
spring  Vibrator'   i  ami  2  represent  the  conducting  wires  of  the  primary 
circuit:  3,  core;  4.  platinum  point  controlled  by  screw;  5,  spring;  6, 
knoh  of  aoft  iron  on  free  end  of  spring. 


field  of  the  core,  or  that  of  a  separate  piece  of  iron, 
and  one  end  of  the  conducting  wire  is  continuous  with 
the  base  of  the  spring,  while  the  platinum  screw  is  the 
terminal  point  of  the  other  end  of  the  conducting  wire 
and  is  in  contact  with  the  spring  when  the  latter  is  at 
rest,  thus  completing  the  circuit.  When  there  is  a 
current  the  coil  is  magnetized  and  attracts  the  knob  on 
the  free  end  of  the  spring,  this  movement  of  the  spring 
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breaks  tlie  circuit  at  the  platinum  point,  which  stops 
the  current  and  demaj^nctizcs  the  core,  and  allows  the 
spring  to  rebound  and  to  make  contact  with  the  plati- 
num point.  The  last  movement  closes  the  circuit  and 
makes  the  current. 

78.  The  possible  frequencies  of  the  vibrating  rheo- 
tomes  may  be  considered  as  about  10,000  per  minute. 
They  have  the  disadvantage  of  not  being  measurable  by 
the  operator.  The  best  faradic  instruments  contain 
two  interrupters  giving  slow  and  rapid  breaks.  In  ad- 
dition they  ma}'  have  a  single  impulse  key  that  is  con- 
trolled by  the  touch  of  the  ojjerator. 

An  interrupter  having  an  independent  motor  force 
has  advantages :  Its  rapidity  can  be  modified  without 
interfering  with  the  electro-motive  force  in  the  primarv 
circuit,  and  the  frequencies  can  be  increased  and  de- 
creased at  the  will  of  the  operator.  He  has  also  the 
means  of  knowing  approximately  the  rapidity  of  the 
vibrations.  This  form  of  make  and  break  is  accom- 
plished b\'  a  rotary  intercalated  in  the  primary  circuit 
but  driven  by  independent  power.  It  interrupts  the 
current  two,  four  or  more  times  every  revolution.  By 
such  armature  the  vibrations  may  vary  from  one  to  fiftv 
thousand  per  minute — the  limit  of  obtaining  diflferential 
physiologic  results. 

In  some  faradic  batteries  the  mechanism  is  such  that 
the  primary  or  secondary  currents  can  be  selected — the 
secondary'  part  of  the  apparatus  can  be  shut  off,  and  the 
patient  broitght  within  the  primary  circ^iit.  This  is  a 
useless  procedure,  as  the  primary  is  merely  an  inter- 
rupted galvanic  current  which  if  needed  for  any  pur- 
pose, such  as  muscle  stimulation,  can  be  better  served 
b}'  interrupting  the  galvanic  current. 
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Faradic   Current 

79.  The  forces  engaged  in  the  production  of  a  faradic 
cxx Trent  maj-  be  divided  into  those  taking  place  during 
itx^  dosed  drcui'ty  and  those  taking  place  during  the  open 
cx'^^mU;  these  will  be  found  to  differ  in  the  three  main 
pjiTts  of  the  battery — priraar}-  circuit,  the  coil,  and  the 
secondary  circuit. 

During  the  make  or  closed  circuit  the  current  in  the 
primary  is  distinctly  galvanic  in  character,  lessened  in 
force  by  its  setting  in  motion  other  forces — the  magnetic 
arid  the  contemporary  part  of  the  induced — and  assisted 
bv  the  inherent  forces  of  tlie  magnet.  These  merely 
hasten  or  retard  the  current  and  in  no  way  change  its 
character.  The  break  of  the  primary  circuit  is  instantly 
followed  by  the  completion  of  neutralization  of  positive 

»»nd  negative  ether  in  the  circuit,  part  of  the  ether-current 
Meeting  in  the  coil  and  part  backing  toward  the  cell. 
N^eutralization  practically  ends  the  closed  period. 

Depolarization  is  the  distinctive  act  of  the  open  or 
break  period  and  is  contemporaneous  throughout  the 
apparatus.     By  reciprocal   induction   depolarization   is 
'lastcned    in    the    individual    parts.     The    co-operative 
If^a-ture  of  the  depolarization  and  the  absence  of  resist- 
ance, give   a   lightning-like   character  to  the   opening 
^Hirent.     During  the  break  all  polarized  molecules  and 
'*!   dissociated  ether-iinits  return  to  a  condition  of  equi- 
librium or  neutralization. 

So.  During  the  closed  circuit  the  iron  core  is  in  the 
^^"'i.ter  of  the  polarized  stress.  Part  of  the  energy  of 
ttt^  current  is  spent  in  polarizing  the  iron  molecules, 
"'^t  the  potential  energy  of  the  iron  molecule  becoming 
active,  the  radiant  force  as  it  issues  from  the  core  is 
^vxltipljed — is  of  greater  intensity  and   capable  of  pro- 
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ducing  a  larger  induced  field.  During  the  break  of 
the  current  depolarization  of  the  core  and  surrounding 
ether  occurs. 

St.  The  outer  coil  is  embraced  within  the  induced 
field,  and  tlirough  the  polarized  ether  of  the  field  molec- 
ular polarization  of  the  wire  is  produced.  Each  mole- 
cule is  surrounded  b}'  an  area  of  polarized  ether — free 
space — during  rest  (Fig.  26),  which  is  differentiated  in 
its  polarization  during  action  (Fig.  27).  Part  of  the 
polarized  ether  is  dissociated  by  the  polarization  of  the 
molecule,  and   the  positive  ether  atom  is  sent  in  one 


,*+♦. 


»■•< 


{SHSH©H^G>>:r0-:v0'r 


♦  «■» 


▼1-" 


Fijf.  26. 
Molecules  of  ponderable  matter  and  fields   of 
interiuulecular  polarized  ether,  representing 
wire  of  secondar}"  coil  during  rest. 

direction  and  the  negative  in  the  opposite,  thus  eaci 
polarizablc  molecuh  is  a  means  of  tearing  up  ether.  The 
whole  induced  field  of  the  primary  current  is  in  a  con- 
dition of  strain — every  ether  and  ponderable  molecule 
is  polarized.  As  polarization  is  the  first  step  to  disso- 
ciation, as  the  pressure  within  the  polarized  field  is 
intense,  aud  as  a  waj'  of  escape  is  provided  bj-  means  of 
the  circuit V  polarized  ether  is  completely  dissociated  and 
the  ether  atoms  seek  reunion  through  the  conductors  as 
the  path  of  least  resistance. 

Fig.  37. 
Polarized  ponderable  tnolecnles  and  differenti- 
ally polarized  myleciiles  of  ether  iu  the  part 
of    the   stcondnry   coil    withia   the   electric 
field  during  closed  circuit. 
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Fig.  28. 
Molecnles  carrying  the  current  by  the  Irapeziform  movement  (?  46)  in  the 
conductors  leadiug  from  the  coil,  or  part  of  coil,  within  the;electric 
field,  during  closed  circuit.     The  molecular  induced  fields  arc  not  shown . 

During  the  closure  of  the  circuit,  the  secondary  coil 
by  molecular  polarization  converts  polarized  ether  into 
dissociated  atoms — that  is,  the  ether  atoms  are  toru  apart 
as  in  the  galvanic  cell.  Moreover,  as  in  the  galvanic 
cell,  the  positive  ether  is  sent  along  one  conductor  and 
the  negative  along  the  other,  by  which  they  are  carried 
^by  the  same  trapeziform  molecular  movement.  There- 
Biore  the  />at/  of  the  coil  within  the  electric  field,  during 

the  closed  circuit,  is  similar  to  a  galvanic  battery. 
H     During  the  open  circuit  molecular  depolarization  in 
"the  secondary  circuit  takes  place,  and  the  atomic  ether 
I     neutralizes  and  returns  to  its  intermolecular  position. 
B     82.   The  faradic  is  au  interrupted  current,  not  a  true 
'     alternating  current,  that  is,  it  vibrates  between  a  poten- 
tial and  zero  and  not  between  two  potentials. 
The  electro-motive  force  depends  upon: 

/.  Galvanic  cells — source  of  initiatory  force. 
2.  Interrupter  :    Each  time  a  ponderable  molecule 
vibrates  it  splits  up  etlier. 

J.  Core,  where  initiatory  force  is  multiplied  b}- 
potential  of  placement  within  the  iron  molecule. 

4.  The  number  of  turns  of  wire  in  the  secondary 
coil  within  the  polarized  area — pressure  of  ether 
atoms  in  line. 
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S3.  The  induced  current  may  be  regulated  by  a  mod- 
ification of  any  of  the  above  factors.  If  the  first  three 
are  constant  the  electro-motive  force  in  the  secondary 
coil  up  to  a  maximum  point  will  be  directlj-  proportional 
to  the  number  of  turns  in  the  coil — the  number  of 
molecules  in  longitudinal  extension  that  are  polarized 
in  the  electric  field.  As  each  molecule  is  engaged  in 
splitting  up  ether,  the  longer  the  longitudinal  line  the 
greater  the  pressure  in  front.  Increasing  the  thickness 
of  the  wire  increases  the  number  of  molecular  carriers 
abreast  and  decreases  the  pressure. 

84.  The  opening  and  closing  currents  in  the  sec- 
ondary circuit  differ  in  duration  and  character.  The 
closing  or  current  of  polarization  is  twice  the  duration 
of  the  opening  or  depolarizing  current.  The  depolar- 
izing current  gives  a  more  intense  spark,  it  has  the 
same  electric  quantit}'  but  passes  in  a  shorter  time,  and 
produces  more  intense  physiologic  action  than  the  polar- 
izing or  closing  current. 

The  closing  current  starts  at  zero,  and  the  force  has 
to  overcome  the  molecular  inertia  and  the  mutual  attrac- 
tion of  the  ether  atoms;  the  opening  current  has  no 
such  resistance.  The  first  is  the  force  that  lifts  a 
weight,  the  latter  is  the  weight  falling.  The  one  is 
the  potential  collecting  in  the  clouds,  the  other  is  the 
lightning. 

85.  Tension  and  Quantity.  The  so-called  current  of 
tension  is  produced  from  a  long  thin  wire,  having  many 
windings  and  therefore  large  electro-motive  force,  the 
large  number  of  vibrating  molecules  in  longitudinal 
line  making  large  pressure,  but  giving  a  current  of 
small  volume — a  few  vibratory  carriers  of  ether  abreast. 
It  is  analogous  to  water  from  a  great  height  running 
through  a  small  pipe. 
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It  requires  4,000  feet  of  coil  of  No.  32  or  36  wire  to 
glow  a  Geissler  tube.  With  suflBcient  tension  Roentgen 
rays  are  produced  from  the  Crookes  tube. 

The  current  of  tension  has  slight,  or  no  power,  in 
burning  iron  or  steel,  and  it  possesses  in  a  less  degree 
the  properties  required  in  electro-plating  than  the  cur- 
rent of  quantity  or  primary  current.  The  possession  of 
immense  electro-motive  force  gives  it  the  property  of 
overcoming  large  resistances. 
I  The  term  quantity  has  been  used  to  designate  a  cur- 

rent produced  from  a  comparatively  short  and  thick 
wire— a  few  hundred  yards  of  No.  18  or  No.  22  wire — 
having  few  turns  in  the  coil  and  consequently  small 
electro  motive  force.  It  possesses  few  polarized  mole- 
cules in  longitudinal  line  and  therefore  has  small 
pressure.  This  current  has  large  volume — a  large 
number  of  ether  carriers  abreast  moving  slowly.  Hav- 
ing small  pressure  there  is  slight  power  to  overcome 
reiiistances.  A  current  of  quantity  may  be  compared 
to  water  from  a  slight  elevation  running  through  a 
large  pipe. 

The  current  of  quantity  will  not  glow  a  Geissler  tube 
fjut  it  will  readily  burn  iron  and  steel.  This  current 
*ill  electro- plate  to  a  degree  not  attainable  by  currents 
''f  greater  tension. 

S6.  Currents  of  quantity  and  tension  differ  not  only 
'Q  their  physical  properties  but  also  in  their  physiologic 
^'^tions  and  therapeutic  uses.     It  is  evident  that  there 

■3re  degrees  of  tension,  and  that  between  the  extremes 
^  the  highest  tension  currents,  and  lowest  tension  or 
'J'l^ntity  currents  that  produce  differential  physical  or 
Pt^^rsiologic  results,  there  are  currents  of  modified  ten- 
^^*^n  peculiar!}'  adapted  for  certain  therapeutic  purposes. 
-As   the    opening    or  depolarizing    current    produces 
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more  pronounced  effect  it  detemiiues  the  polarity. 
The  cathode  can  be  recognized  by  its  greater  effect  on 
sensory  or  motor  nerves,  the  difference  between  the 
positive  and  negative  poles  being  more  marked  with 
short  coils  and  with  small  resistances. 

87.  Regulation  of  Current.  When  the  helix  of  the 
secondary  circuit  is  movable,  as  it  slides  over  the  pri- 
mary coil  a  greater  number  of  turns  of  the  coil  are 
brought  within  the  electric  6eld,  thus  increasing  the 
intensity  of  the  induced  current. 

If  there  be  placed  within  the  circuit,  but  outside  of  the 
electric  field,  a  coil  of  wire,  the  resistance  will  increase 
the  more  the  coil  is  brought  within  the  circuit.  A.s  this 
coil  is  gradually  eliminated  from  the  circuit  the  resist- 
ance is  decreased  and  the  current  increased. 

By  sliding  a  copper  shield  over  the  core,  the  latter  is 
protected  from  the  action  of  the  primary  current,  thus 
decreasing  the  intensity  of  the  induced  field  and  de- 
creasing tlie  induced  current. 

The  primary  current  is  decreased  by  sliding  the 
secondary  coil  over  the  primary,  the  reverse  induction 
of  the  secondary  coil  retarding  the  flow  of  the  primary 
current.  The  approximation  of  polarixable  material  to 
the  primary  current  or  its  intercalation  between  poten- 
tials creates  an  induced  force  opposed  to  the  primary. 
In  the  absence  of  polarizable  material  the  positive 
potential  in  part  of  the  circuit  reacts  on  negative  poten- 
tial in  the  opposite  part  with  an  increased  electro-motive 
force.  The  principle  is  the  same  as  specific  inductive 
capacity,  and  is  a  manifestation  of  forces  being  neu- 
tralized inversely  as  the  square  of  distance. 

Various  rheostats  can  be  used  for  the  purpose  of 
modifying  the  currents.  The  current  can  be  modified 
b3'  changing  the  length  or  thickness  of  the  wire  in  the 
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89.  Although  the  electro-motive  force  can  be  multi- 
plied iu  the  secondary  circuit  almost  indefinitely,  the 
energy  is  only  seventy-five  per  cent  of  that  of  the  primary 
current.  The  energy  is  obtained  by  multiplying  the 
electro-motive  force  by  the  current,  the  latter  being  com- 
paratively small  in  induced  circuits. 

90.  Every  electro-therapeutist  should  be  able  to 
test  his  own  battery  for  tension,  for  smoothness  and 
for  rapidity  of  vibration.  With  4,500  feet  of  coil  in 
the  secondary  circuit  and  with  sufficient  initiator}'  force 
— two  to  six  cells — the  characteristic  luminous  effects 
of  the  Geissler  tube  ought  to  be  produced.  If  the 
action  of  the  vibrator  is  uneven  it  will  be  at  once  ap- 
parent in  the  irregular  motion  of  the  discs  within  the 
tube. 

A  sufficiently  delicate  test  is  obtained  by  placing  the 
fingers  on  the  metallic  part  of  a  bipolar  electrode,  when 
irregular  vibrations  or  harshness  of  current  will  be 
evident  to  the  touch. 

The  value  of  a  faradic  battery  as  a  therapeutic  agent 
resides  in  the  smoothness,  regularity  and  high  fre- 
quencies of  its  vibrations,  and  on  its  furnishing  a  variety 
of  degrees  of  tension.  The  combination  of  a  suit- 
able tension  with  a  degree  of  frequency  of  vibration,  as 
indicated  by  the  therapeutic  requirements,  will  be  only 
attained  by  using  judgment  founded  upon  a  proper 
knowledge  of  the  physical  and  physiologic  actions  of 
faradization. 


CHAPTEK  V 


Static  Electricity 


( Fra n klin ic  Cu rrents) 

.  Static  electricity — electricity  at  rest — in  equilib- 
riurti. — is  the  electrification  of  a  body  insulated  and 
the»-^fore  apart  from  all  disturbing  electric  influences. 
It  is.  the  placement  of  ether  atoms  on  ponderable  mole- 
cules; surrounded  by  non-conduoting  molecules  (§  5). 

Electro-static  machines  have  two  principles  in  their 
construction — friction,  and  induction  or  influence. 

P^^-iclional  Machines.  Frictional  machines  are  not 
tnucli  iu  use  at  the  present  time,  but  as  they  represent 
botVi  principles  they  will  be  described  iu  this  work. 

l^n.  Fig.  31,  the  parts  of  a  frictional  machine  are  rep- 
resented as  follows:  A,  revolving  plate  of  glass;  b,  a 
rubber — leather  and  amalgam  of  tin  and  mercury;  E, 
metal  comb;  c  and  f,  conducting  wires  attached  to 
rubber  and  comb;  G  and  D,  electrodes.  The  rubber  is 
m  Contact  with  the  glass  so  as  to  rub  slightly.  The 
comb  is  not  in  contact  with,  but  approximates  the  glass. 
When  the  glass  plate  revolves  friction  takes  place  with 
t^e  rubber,  resulting  in  the  glass  being  positively 
electrified,  and  the  rubber  negatively  (§  3).  As  the 
rubbtr  and  connecting  metallic  wire  are  conductors, 
the  negative  electricity  will  spread  over  their  surfaces 
so  as  to  establish   an  equipoteutial  surface   and  will 
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therefore  appear  at  the  electrode  as  a  negative  charge 
(§8).  ^ 

The  electrificatiou  on  the  glass  at  the  point  of  fric- 
tion confines  itself  to  that  part,  because  it  is  surrounded 
by  a  non-conductor — the  glass  itself.  The  revolution 
of  the  glass,  however,  brings  the  positively  electrified 
part  towards  the  comb,  which  as  the  charge  approaches 
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Fig    3'- 
Frictional  Static  Machine. 

becomes  inductively  electrified — inductively  because 
the  comb  is  not  in  contact  with  the  glass.  The  comb, 
the  metallic  wire,  and  the  electrode,  G,  being  conduct- 
ors and  one  electric  body,  that  is  in  contact,  the 
positive  charge  will  appear  at  the  distant  or  electrode 
end,  G,  and  the  negative  charge  at  the  proximate  end, 
E  (§  66). 
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It  will  be  seen  that  at  electrode,  G,  there  is  posi- 
tive electricity,  and  at  electrode,  d,  negative  electricity, 
and  that  the  glass  and  comb  are  also  oppositely  electri- 
fied. These  opposite  electrifications  neutralize  through 
the  dielectric  medium,  air. 

The  union  of  the  positive  and  negative  ether  atoms 
through  the  air  between  the  comb  and  the  glass  and 
between  the  two  electrodes  is  accomplished  as  follows: 
The  particles  of  air  adjoining  the  charged  terminals 
become  electrified,  but  the  air  not  being  a  conductor 
its  electrified  particles  are  carried  towards  each  other, 
causing  a  spark.  The  positive  and  negative  atoms  of 
ether  become  molecular,  and  the  union  manifests  itself 
in  light  or  heat  phenomena  (§  126). 

92.  Influence  Machines.  The  student  of  electricity 
will  easily  understand  the  working  of  influence  ma- 
chines if  he  has  mastered  the  fundamental  principles 
and  facts  of  induction  and  insulation. 

Whatever  the  mechanical  construction  of  those  nu- 
merous machines  they  all  inductively  split  up  the 
ether  molecule  so  that  the  two  electrodes  are  charged 
respective!}'  by  positive  and  negative  ether.  The  de- 
scription of  one  machine  will  sufficiently  illustrate  the 
principles  of  all. 

The  Wimshurst  influence  machine  (Fig.  32)  has  two 
circular  glass  discs,  A  and  b,  %  inch  apart  and  rotated 
in  opposite  directions.  On  the  outer  surface  oi  each 
are  a  number  of  metal  sectors  equi-distant  apart. 
Across  the  diameter  of  each  plate  is  fixed  a  metal  rod, 
E  and  F,  at  the  ends  of  these  are  fine  wire  brushes  so 
situated  that  each  sector  and  the  one  diametrically 
opposed  are  metallically  connected  twice  every  revolu- 
tion— the  sectors  just  touching  the  tips  of  the  brushes 
as  they  pass.     The  electrodes  are  connected  with  forks 
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furnished  with  combs,  d  and  c.  The  forks  embrace- 
the  glass  plates  at  their  horizontal  diameter,  so  that 
each  sector  approximates  a  comb  on  each  fork  every 
revolution.  The  term  collector  has  been  applied  to  the 
combs,  but  this  is  a  misapplication,  as  the  combs  do  ■ 
not  collect  electricity  but  are  inductively  electrified. 
If  dry  the  machine  is  self-exciting.     The  parts  of  the 
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.  Fig.  3i- 
lufluence  Machine. 

machine  as  represented  in  Fig.  32  are  as  follows:  A, 
indicates  front  view  of  front  plate;  b,  back  view  of] 
back  plate;  c,  c',  fork  and  metallic  combs  united  by 
conductors  with  brass  ball  or  electrode;  D,  d',  same  as 
c,  on  opposite  circumference  of  plates,  and  are  shown  as 
double;  E,  fixed  conductor  with  metallic  brush  at  each 
end  touching  diametricalh'  opposite  sectors  as  they 
pass  on  plate,  .\.  shown  on  the  background  of  plate,  b; 
F,  the  same  on  plate,  b;  g  and  h,  on  plate.  A,  represent 
charges  on  sectors  of  plate,  b,  and  are  also  marked  on  ■ 
the  sectors  of  b;  l  and  M,  on  plate  B,  represent  charges 
on  plate  A,  and  are  also  marked  on  the  sectors  of  plate 
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Wii.      The  charges  are  marked  on  the  background  for  the 

•purpose  of  showing  their  direction.     When  the  page  is 

folded  backwards  on  a  line  from  c  to  d'  the  various 

parts  of  the  figure  will  be  in  the  relative  position  of  the 

parts  of  the  apparatus  which  they  represent. 

93.  When  a  non-electrified  conductor  is  placed  within 
llie  polarized  field  of  an  electrified  body  but  separated 
I        from    it   by    non-conducting    material,    the   conductor 
^    becomes  electrified  by  induction  (§  65,  66).     By  this 
H    law  the  sectors  on  the  glass  plates  are  reciprocally  iu- 
■     ductively  electrified  as  they  pass  each  other.     When 
~      the  inductively  electrified    sector  is   metallically  con- 
nected with  the  diametrically  opposite  sector  by  means 
I    of  tlie  metal  rod,  the  sectors  and  the  rod  become  oue 
electric  body,  and  the  induced  charge  will   appear  at 
both  ends  of  the  electric  body  according  to  the  repul- 
sion and  attraction  of  the  inducing  agent.     If  one  of 
the  upper  sectors  on  the  back  plate,  n,  be  charged  by 
positive  electrification  the  opposite  sector  on  the  front 
I       plate,   A,   will  immediately   be  charged    by  induction. 
When  the  induced  sector  fs  touched  by  the  metal  brush 
this  sector  will   be   charged    negatively   and    the    one 
touched  by  the  other  brush  will  be  charged  positivel}-. 
These  sectors,  with  their  charges,  immediately  move 
on,  and  when  opposite  the  sectors  on  the  back  plate,  b, 
on  which  the  brushes  rest,  the  latter  will  be  reversely 

P charged,  and  will  also  move  on  with  their  charges,  aud 
in  turn  induce  the  electrification  of  the  sectors  on  the 
front  plate.  When  an  electrified  sector  approaches  a 
comb  the  electric  conducting  body — comb,  fork,  wire, 

rand  electrode — receives  an  induced  charge,  opposite 
electrifications  appearing  at  the  comb  and  electrode.  It 
will  be  seen  from  an  examination  of  the  plaies,  a  and 
B,  that  the  sectors  on  both  plates  approaching  fork  c 
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are  charged  negativel}'',  and  those  approaching  fork 
are  charged  positively. 

The  charges  on  the  combs  being  of  opposite  charac- 
ter to  the  sector  charges  which  induce  them,  and  oppo 
site  to  each  other,  it  follows  that  the  electrodes  will  be 
also  opposite h'  charged.  It  will  be  seen  that  a  sector 
becomes  inductively  charged  when  it  is  in  contact  with 
the  metallic  brush,  that  it  carries  the  charge  forward 
and  inductivel}'  charges  a  sector  on  the  other  plate,  and 
when  passing  the  comb  becomes  neutral.  The  combs 
and  the  sectors  being  separated  by  a  dielectric  medium 
neutralization  takes  place  with  a  spark.  The  elec- 
trodes being  the  distant  ends  of  the  electro-conducting 
bodies  of  which  the  combs  are  the  proximate  ends,  will 
have  an  increasing  amount  of  free  atomic  ether  accu- 
mulating on  their  surfaces;  positive  on  the  one,  nega- 
tive on  the  other.  When  the  difference  of  potential  is 
such  as  to  overcome  the  resistance  of  the  dielectric 
medium,  air-sparks  will  take  place  announcing  the  con- 
summation of  union.  When  two  sectors  are  connected 
by  means  of  the  rod  and  brushes  and  aie  thus  one  elec- 
tric body  which  is  inductively  charged,  the  sectors 
immediately  move  on  with  their  charges.  It  has  been 
stated  (§  69)  that  when  an  induced  electric  body  is  divid- 
ed, the  terminal  parts  retain  their  respective  charges, 
which  become  primary.  This  is  exactly  what  takes 
place  in  the  case  of  the  sectors.  It  will  be  observed 
that  the  terra  primary  is  used  to  denote  a  body  with  a 
single  charge,  which  is  kept  in  position  by  insulation, 
whereas  a  body  charged  by  induction  has  differential 
terminal  charges  kept  apart  by  inductive  influence. 

The  principles  upon  which  force  is  transformed  in 
the  Wirashurst  influence  machine  may  be  formulated 
as  follows: 
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/.  When  an  induced  electrified  body  is  divided  and 
removed  from  the  inducing  influence  its  terminal 
potentials  become  primary,  one  division  of  the  body 
being  positively  charged  and  the  other  negatively. 
This  division  occurs  when  sectors  pass  from  under 
the  brushes. 

2.  The  newly  created  primary  potentials  induc- 
tivel}-  charge  other  bodies.  This  induction  takes 
place  when  the  charged  sectors  approximate  sectors 
iu  contact  with  the  brushes  of  the  opposite  plate. 

J.  When  an  induced  electrified  body  has  a  terminal 
charge  neutralized  by  the  opposite  charge  of  a  differ- 
ent body,  the  first  body  becomes  primarily  charged, 
and  this  charge  will  neutralize  in  the  direction  of 
least  resistance.  This  series  of  events  takes  place 
when  neutralization  occurs  at  the  fork,  leaving  the 
electrode  with  an  opposite  potential,  which  accumu- 
lates to  the  point  of  rupture. 
94.  Electro-static  machines  have  very  high  electro- 
motive force — calculated  to  be  sixty  thousand  volts  per 
centimeter  of  spark  length — and  slight  volume — five 
thousandth  of  a  niilliauipere  per  quarter  inch  spark. 
The  volume  per  spark  length  varies  with  the  number 
of  plates.  The  voltage  varies  with  the  diameter  of  the 
plates. 

The  electro-motive  force  is  in  direct  proportion  to  the 
amount  of  molecular  ether  separated  into  ether  atoms. 
The  latter  depends  directly  on  the  number  of  times 
that  induction  takes  place,  which  in  turn  is  influenced 
by  the  number  of  revolutions.  The  diameter  of  the 
discs  therefore  can  only  affect  the  electro-motor  force 
through  the  revolutionary  speed.  Notwithstanding  we 
speak  of  these  machines  as  static  there  are  currents  in 
their  various  parts,  as  for  instance  the  sparks  at  the 
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electi^odes  and  combs  are  currents,  and  there  are  also 
currents  of  induction   in  the  conductors.     These  cur- 


FiR.  33- 
Static  Machine. 

rents  have  volume — the  number  of  ether  atoms  that 
pass  one  point  at  a  given  moment.  The  number  of 
ether  atoms  set  free  at  the  electrodes  will  be  increased 
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by  multiplying  the  number  of  plates.  Therefore  the 
volume  is  proportional  to  tlie  number  of  the  latter. 
The  spark  current  differs  from  both  galvanic  and  in- 
duced. It  is  a  real  ra}'^  of  energized  matter.  The  par- 
ticles of  air  around  individual  electrodes  become  elec- 
trified and  fly  toward  each  other  with  the  result  of 
neutralization.  The  crackling  sound  no  doubt  is  caused 
by  the  particles  rushing  through  the  intervening  at- 
mosphere, but  the  light  is  produced  after  neutralization 
takes  place.  It  is  an  interrupted  current  because  the 
inductions  throughout  the  machine  are  necessarily 
interrupted.  Furthermore  it  is  doubtful  whether  a 
continuous  current  could  be  obtained  with  a  spark,  as 
the  displacement  of  energized  matter  by  other  particles 
must  have  more  or  less  interruptions. 

Notwithstanding  the  electric  display  in  this  current 
amperage  is  insignificant.  The  difference  of  potential 
on  the  other  hand  is  immense,  but  tliis  embraces  the 
atomic  ether  of  the  whole  machine  which  has  to  over- 
come resistances  made  more  distinct  by  interruptions. 

The  static  machine  lias  increased  immensely  in 
therapeutic  value  and  has  been  popularized  by  its  use- 
fulness in  producing  the  Roentgen  ray  (§  130).  The 
choice  of  a  machine  depends  upon  the  character  of  the 
intended  work.  Roentgen  ray  work  requires  very  high 
pressure — electro-motive  force — manj'  revolutions,  and 
plates  of  large  diameter  in  order  to  steady  the  curreut. 


The  Spark 


95.  The  spark  has  been  called  by  Faraday  a  disrup- 
tive discharge.  In  the  broadest  sense  it  is  the  result 
of  electricity  travelling  through  and  neutralizing  in 
a  dielectric  medium. 
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The  spark  is  oscillatory  in  character,  and  has  not  the 
steady  and  continuous  character  of  the  galvanic  cur- 
rent. It  varies  with  the  length,  the  density,  and  char- 
acter of  the  dielectric  medium,  and  with  the  electro-static 
pressure  existing  in  the  conductors.  The  spark  also 
depends  on  the  size  of  the  conducting  surface;  the 
larger  the  surface  the  less  electro-motive  force  is  needed 
to  produce  a  given  length  of  spark. 

When  electrodes  of  different  sizes  are  used^  the  spark 
is  longer  w/ien  the  smaller  one  is  made  positive  than  xvhen 
it  is  negative  (§  23).  This  is  a  remarkable  fact,  and 
has  been  utilized  by  Gangian  in  the  construction  of 
electric  valves,  the  electric  flow  being  readily  transmit- 
ted in  one  direction  whilst  obstructed  in  the  other.  It 
is  found  also  that  a  small  ball  electrode  gives  a  longer 
spark  when  charged  by  induction  than  when  charged 
directly. 

Rarefaction  of  the  gaseous  medium  lessens  the  resist- 
ance and  increases  the  length  of  the  spark.  The 
decrease  of  resistance  with  lessened  density  takes  place 
to  a  minimum  value,  when  it  again  increases,  so  that 
in  a  high  vacuum  great  pressure  is  required  to  produce 
a  spark.  Changing  the  nature  of  the  gaseous  medium 
modifies  the  length  of  spark.  Faraday  arranged  the 
following  gases  in  the  order  of  their  resistances :  Hy- 
drogen chloride,  air,  carbon  dioxide,  nitrogen,  oxygen, 
illiiminating  gas,  hydrogen. 

96.  Spark  Characteristics.  Various  conditions  modify 
the  disruptive  discharge,  Faraday  classifies  sparks  as 
follows:  I,  the  spark  discharge  ;  2,  the  brush-discharge; 
3,  the  glow-discharge;  and  4,  the  dark-discharge. 

The  spark-discharge  is  a  brilliant  line  of  light,  straight 
when  the  dielectric  is  not  thick,  but  irregular  when  the 
distance  is  increased.    Through  air  at  ordinary  pressure 


5  96 


THE  SPARK 


139 


it  is  nearly  while,  becoming  bluish  as  it  is  lengthened. 
In  rare5ed  air  it  is  reddish  purple,  and  different  gases 
give  characteristic  colors. 

The  brush-disc kavf^e  can  be  seen  by  lengthening  the 
distance  between  the  electrodes.  The  spark  throws  off 
fine  ramifications  in  the  direction  of  the  cathode,  which 
finally  take  the  form  of  a  brush  or  tuft  with  a  single 
stem  from  the  positive,  and  which  does  not  quite  reach 
the  negative  electrode.  In  air  the  brush  is  purple  and 
is  accompanied  with  a  dull  snap.  It  is  intermittent 
and  gives  a  musical  note. 


l-ig.  34- 
Spark. 

y he  ^low-disc /larjre  is  obtained  by  reducing  the  areas 
of  the  electrodes,  increasing  the  pressure,  or  diminish- 
ing the  resistance  as  by  decreasiug  the  air  pressure. 
It  appears  like  a  phosphorescent  lambent  flame.  It 
produces  no  sound  and  apparentl}'  is  not  intermittent. 
Under  ordinary  air  pressure  a  positive  glow  is  more 
readily  produced,  akhougli  in  rarefied  air  a  negative 

glow  is  easily  obtained.     Currents  of  air  can  be  detected 
accompanying  this  form  of  spark. 
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The  dark  discharge  is  obtained  by  diminishing  the 
size  of  the  electrodes  and  increasing  the  distance  be- 
tween them.  A  glow  is  observed  on  the  negative 
terminal,  whilst  the  positive  and  the  intervening  space 
remains  dark ,  a  purple  discharge  on  the  positive  elec- 
trode is  seen  when  the  distance  is  further  increased, 
the  intervening  space  between  it  and  the  negative  glow 
remaining  dark. 

97.  The  spark  is  capable  of  effecting  chemic  changes. 
A  peculiar  odor  is  perceived,  due  to  ozone.  About  15 
per  cent  of  the  oxygen  present  may  be  converted  into 
the  synthetic  modification. 

98.  Action  of  the  Spark-Current  on  Electrodes.  The 
spectroscope  has  shown  that  particles  of  cadmium, 
antimony,  bismuth,  lead,  tin,  iron,  zinc,  and  copper, 
when  these  substances  form  electrodes,  are  detached 
and  carried  along  by  the  current.  The  substance  im- 
parts a  peculiar  color  to  the  electric  discharge,  com- 
bined with  distinctive  colors  belonging  to  oxygen, 
nitrogen,  etc.,  of  the  medium.  Aluminum  and  mag- 
nesium are  detached  with  the  greatest  difficulty.  In 
rarefied  hydrogen  the  spark  is  crimson;  oxygen  gives 
a  greenish  white,  carbon  dioxide  a  green,  nitrogen  a 
purplish  red,  and  fluoride  of  silicon  a  blue. 

99.  When  positive  and  negative  electric  charges  are 
separated  by  a  dielectric  medium,  the  property  of 
attraction  existing  between  the  two  charges  tends  to 
disrupt  the  medium.  The  insulating  character  of  the 
dielectric  prohibiting  union  b^'  means  of  vibratory  con- 
duction, the  electro-positive  elements  in  the  medium, 
such  as  hydrogen  and  carbon,  are  attracted  to  the  neg- 
ative pole,  and  the  electro-negative  elements,  such  as 
oxygen,  are  attracted  to  the  positive.  These  molecules 
become  electrified  aud  fly  towards  each  other.     When 
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they  meet  the  positive  and  negative  atoms  of  ether 
form  molecular  ether,  and  at  the  point  of  neutraliza- 
tion light  is  manifested  .  The  dark  part  of  the  medium 
is  where  the  electrified  particles  are  moving  without 
meeting  the  opposite  current. 

On  the  surface  of  the  electrodes  molecules  are  elec- 
trified. In  air,  as  there  is  no  cohesion  to  overcome, 
the  particles  form  a  real  ray  of  energized  matter,  but 
they  produce  the  light  where  they  strike  the  opposite 
current  {§  69,  §  126). 

A  study  of  the  facts  connected  with  the  electric  spark 
leads  us  to  believe  that  there  is  an  inherent  property 
in  negative  ether  tending  towards  diffiisibility  which 
is  absent  in  positive  ether  (§  23).  The  possession  of 
such  a  property  explains  why  a  large  negative  electrode 
decreases  the  resistance  beyond  the  measure  of  decrease 
when  the  same  electrode  is  positive  (§  167). 
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loo.  This  apparatus  produces  an  alternating  current 

^f  a  special  character.     It  takes  its  name  from  the  fact 

that  in  its  relation  to  time  it  follows  the  law  of  sines, 

Graphicall}'  it  produces  a  sinuous  curve  less  abrupt 

than  that  of  the  ordinary  faradic  apparatus  (Fig.  35). 

A  sinusoidal  machine  is  represented  in  Fig.  36,  and 
the  following  description  of  it  is  given  by  Rockwell: 
'*  The  alternator  on  the  top  of  the  table  to  the  right  is 
driven  by  a  small  motor  running  on  the  Edison  direct 
120-volt  current  (shown  on  left).  The  field  frame  is  of 
laminated  iron  supported  by  castings^  and  has  twelve 
poles.  On  each  pole  is  a  spool  with  two  windings  of 
wire.  The  inner  has  eight  layers  of  fine  wire,  and  the 
outer  two  layers  of  coarse, 

"All  the  fine  wire  windings  are  connected  in  one 
series,  which  constitutes  the  secondary  or  delivery 
coil.  All  the  coarse  wire  windings  are  connected  in 
another  series,  forming  the  primary  or  field  winding  of 
the  machine.  By  this  arrangement  it  is  only  neces- 
sary to  drive  the  armature,  which  is  a  combination  of 
laminated  iron  discs,  to  transform  the  continuous  pri- 
mary current  into  alternating  current  waves  in  the 
secondary  circuit,  and  by  duly  proportioning  the  grooves 
and  projections  on  the  armature  surface,  these  waves 
are  made  sinusoidal. 


Fig.  36- 
Sinusoidal  Apparatus. 

minute.     For  steady  running  a  more  moderate  si 
and  frequency  will  usually  be  desirable. 

"The  primary  winding  of  the  aUeruator  is  excited  b 
the   1 20 -volt  direct  current,  which  is  controlled  by 
lamp  rheostat,  the  switchboard  operating  it  being  she 
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in  the  front  of  cut  on  the  right  and  the  lamps  being 
placed  under  the  table.  In  this  way  the  strength  of 
the  secondary  currents  can  be  controlled  independently 
of  tlie  frequency, 

*  *  The  speed  of  the  motor,  and  consequently  the  num- 
ber of  alternations  of  the  secondary  currents,  can  be 
varied  by  the  lamp  rheostat  shown  in  the  front  of  cut 
on  the  left,  as  this  rheostat  is  included  in  the  motor 
cirouit. 

'*  The  rheostat  shown  in  the  center  of  the  table  is  con- 
nected in  shunt  with  the  secondary  circuit,  and  is  used 
to  vary  the  strength  of  the  current  applied  to  the  pa- 
tient." 

Condensers 


loi.  When  two  insulated  metallic  discs  are  separated 
by  a  dielectric  medium  such  as  air,  glass,  spermaceti, 
resin,  pitch,  wax,  shellac,  sulphur,  etc..  and  are  charged, 
it  is  found  that  they  have  an  electro-motive  force  accord- 
ing to  their  distance  apart,  and  according  to  the  mate- 
rial of  the  medium. 

The  term  capacity  has  been  used  to  denote  the  quan- 
tity of  electricity  necessary  to  charge  the  plates  to  a 
unit  diflference  of  potential.  The  plates  or  system  of 
plates  have  been  termed  condensers.  The  quality  of 
modifying  the  potential  between  two  bodies,  their 
charges  remaining  the  same,  possessed  by  certain 
dielectric  substances,  was  termed  by  Faraday,  specific 
tnditctive  capacity^  and  by  Maxwell,  dielectric  constant. 
It  differs  according  to  the  dielectric  and  is  therefore  a 
property  of  the  medium  itself.  Specific  inductive  ca- 
pacity is  inversely  proportional  to  the  neutralizing 
capacity  of  the  media.     The  neutralizing  power  of  an 
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element  rests  on  the  strength  and  freedom  of  the  induc- 
tive potential  of  its  molecules — it  rests  on  the  diflfereu- 
tial  distance  between  neutralizing  units.  Material 
whose  molecules  have  slight  inductive  potential  or 
whose  molecular  poles  are  strongly  fixed  has  a  large 
dielectric  constant.  It  is  obvious  that  forces  react  in 
inverse  proportion  to  the  square  of  distance  only  witli 
constant  media,  and  that  a  change  of  medium  modifies 
the  reaction  between  primary  forces  simply  by  neutral- 
izing their  potentials  or  resisting  conduction.  Forces 
act  on  media  by  a  disturbance  in  the  neutralization 
between  immolecular  units,  or  a  disturbance  in  the  neu- 
tralization between  the  units  of  a  molecule  and  an 
extrinsic  force. 

TABLE   OF   DIELECTRIC   CONSTANTS 


Substance. 

Dielectric 
constant. 

Observer. 

Beeswax 

3-67 

Cavendish. 

Shellac 

2. GO 

Faraday. 

Resin 

2.48 

Boltzmann. 

Paraffin 

1.96 

Wullner. 

Flint  glass,  extra  dense  lo.io 

Hopkinson. 

Sulphur    : 

2.58 

Gordon. 

Ebonite 

2.284 

Gordon. 

Carbon  disulphide 

I.81 

Gordon. 

Turpentine 

2.15 

Silow. 

Hydrogen 

0.999674 

Boltzmann. 

Carbon  dioxide 

1.000356 

Boltzmann. 

Carbon  dioxide 

1.0008 

Ayrton  &  Perry 

102.  The  most  common  tj'pe  of  condensers  is  the 
Leyden  jar.     It  is  simpl}'  a  glass  jar  covered  inside 
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is  not  insulated.     The  outside  charge  comes  from  the 
earth  or  proximate  bodies. 

It  must  be  remembered  that  equal  quantities  of  posi- 
tive and  negative  electricity  are  always  produced  by  the 
dissociation  of  the  ether  molecule.  When  a  Leyden  jar 
is  charged  inside  positively  the  negative  concomitant 
approaches  the  positive  as  nearly  as  possible  and  con- 
sequently charges  the  outside  foil.  The  outside  charge 
is  not  by  induction  but  by  direct  negative  electrifica- 
tion. The  submarine  cable  is  an  elongated  Leyden 
jar,  the  wire  which  is  insulated  is  directly  charged  and 
the  outside — water — takes  on  opposite  electrification. 

Thermo-Electricity 

103.  The  phenomena  of  reciprocal  transformation 
between  heat  and  electricity  is  evidenced  by  placing 
different  metals  iu  a  circuit,  the  junctions  of  the  metals 
having  different  temperatures. 

Let  two  metals  be  bent  and  united  as  in  Fig.  40,  and 
let  the  junction,  a,  be  heated,  and  the  junction,  b,  kept 
cool;  if  a  galvanometer  be  placed  within  the  circuit  a 
current  will  manifest  itself.  The  difference  of  temper- 
ature creates  a  difference  of  thermal  potential.  The 
heat  under  ordinary  circumstances  would  merelj-  diffuse 
itself,  as  there  is  a  tendency  to  establish  an  equilibrium 
of  temperature,  through  thermal  conductivity,  but 
under  the  conditions  named  the  ether  in  which  heat  is 
manifested  will  be  split  up,  its  positive  element  seeking 
the  point  of  low  potential  in  one  direction,  and  the  neg- 
ative going  in  the  opposite  (Fig.  40),  thus  forming  an 
electric  current. 

The  metal  through  which  the  positive  ether  flows  has 
been  said  to  be  thermo-electrically  negative  to  the  one 
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through  which  travels  the  negative  current,  and  the 
latter  is  thermo-electrically  positive  to  the  former  (§  37). 
However  the  two  states  are  relative  in  degree,  and 
accordingly  changeable  in  any  one  metal. 

Two  metals  united  in 
this  way  are  called  a  ther- 
mo-electric cell  and  the 
current  so  produced  a 
thermo-electric  current. 
The  electro-motive  force 
depends  on  the  difference 
of  temperature  of  the 
junctions,  mean  tempera- 
ture, and  kind  of  metal. 
By  multiplying  the  cells 
batteries  are  constructed 
called  thermopiles,  or 
thermo-electric  batteries, 
bismuth  thermo-electric- 
ally  positive  and  anti- 
mony thermo-electrically 
negative  being  used  in 
their  construction. 

Thermo-electricity  illustrates  the  reciprocal  trans- 
mutation existing  between  heat  and  electricit3\  In 
Fig.  40,  at  the  junction,  a,  is  a  thermic  potential — 
molecular  ether  existing  as  heat — which  the  difference 
in  thermic  potential  of  the  junctions  makes  into  a  heat 
current  but  which  the  difference  in  the  electro-chemic 
potential  of  the  metals  splits  up  into  an  electric  cur- 
rent— ether  atoms.  At  the  junction,  u,  the  ether  atoms 
unite  to  form  molecular  ether  radiating  as  heat. 

The  following  table   gives   the   relative   position   of 


Fig.  40. 
Tliermo-Eleciric  Cell. 
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certain  metals  in  thermo-electric  power,  with  lead  as 
zero: 

Bismuth  +  Platinum 

Cobalt  -f-  Copper  pure  — 

German  silver   +  Antimony  — 

Mercury  -f  Iron  — 

Lead  o  Tellurium  — 

All  of  the  elements  named  are  specifically  electro- 
positive. If  the  table  included  all  elementary  sub- 
stances an  equatorial  element  such  as  carbon  would 
be  zero. 

Electric  Units 

104.  Newton's  first  law  is  stated  thus:  The  unit 
force  is  that  force  which,  acting  for  a  unit  of  time,  on  a 
unit  mass,  produces  a  unit  velocity.  A  unit  of  force 
therefore  depends  on  the  units  of  length,  mass,  and 
time.  According  to  the  absolute  system,  the  unit 
force  is  that  force  which  acting  on  a  mass  of  one 
gramme,  for  a  second  of  time,  produces  a  velocity  of 
one  centimeter  per  second.  This  force  is  called  one 
dyne. 

A  unit  quantity  of  electricity  is  that  amount  which 
exerts  on  an  equal  quantity,  placed  one  centimeter 
from  it,  the  force  of  one  dyne. 

The  practical  units  of  current,  of  electro-motive  force, 
and  of  resistance  are  founded  on  the  absolute  units,  or 
on  the  C.  G.  S. — centimeter,  gramme,  second — system, 
and  are  now  universally  employed  in  the  measurement 
of  electric  quantities.  The  electro-magnetic  system  of 
units,  together  with  their  relations  to  the  C.  G.  S.  sys- 
tem, is  tabulated  as  follows : 
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ELECTRO-MAGNETIC   SYSTEM 
Name  of  unit.  Equivalent  in  C.  G.  S.  units. 

Current — Ampere  — 

^  10 

Electromotive  force — Volt  100,000,000 

Resistance — Ohm  1,000,000,000 

Quantity'— Coulomb  — 

Capacity — Farad 


1,000,000,000 

For  convenience  these  units  are  subdivided,  and  in 
medical  electricity  the  milliarapere  is  adopted  as  the 
unit  of  current  force. 

Electric  Quantity,  The  term  coulomb  denotes  the 
quantity  of  electricity  which  passes  any  cross-sectional 
area,  in  a  second  of  time,  when  the  current  measures 
one  ampere. 

Any  one  of  the  quantities,  ampere,  volt,  and  ohm,  is 
deducible  when  the  other  two  are  given.  Ohm's  law 
is  expressed  in  absolute  quantities  thus  : 

Current  Emf — one  volt 

One  ampere       Resistance — one  ohm 

The  unit  of  work  or  energy  is  called  a  "Watt,"  and  is 
equal  to  1/746  horse  power.  Electric  energy  is  the 
product  of  the  current  and  the  electro-motive  force. 
One  ampere  flowing  under  a  pressure  of  one  volt  gives 
out  energy  of  one  Watt. 


Galvanometer 

105.     If  a  suspended  magnet  be  placed  near  a  cir- 
cuit in  which   there   is  a   current  flowing,  there  is  a 
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tendencj'  on  the  part  of  the  magnet  to  assume  a  posi- 
tion at  right  angles  to  the  current. 

The  law  governing  the  action  of  the  magnet  may  be 
stated  thus :  The  deflection  is  in  direct  proportion  to 
the  strength  of  the  current  and  to  the  proximity  of  the 
current  and  magnet.  By  having  the  magnet  and  cir- 
cuit made  relatively  immovable  the  law  is  reduced  to 
its  first  factor:  The  deflection  of  the  needle  is  directly 
proportional  to  the  strength  of  the  current 

It  is  clear  that  on  this  principle  an  instrument  can 
be  constructed  to  measure  the  strength  of  the  current; 
the  galvanometer  or  milliamperemeter  is  such  an  in- 
strument. For  the  purpose  of  intensifying  the  current 
at  the  situation  of  the  magnetic  needle,  many  turns  of 
wire  are  made  to  encircle  it,  as  in  a  solenoid. 

The  needle  is  provided  with  a  dial  and  pointer.  The 
pointer  represents  the  half  of  the  needle,  and  is  usually 
deflected  towards  the  positive  pole  of  the  current.  The 
magnetized  needle  in  the  absence  of  the  current  is 
influenced  by  a  magnet  so  situated  as  to  keep  it  par- 
allel to  the  circuit  wire,  whicli  is  the  zero  point.  The 
deflection  of  the  needle  therefore  represents  the  dif- 
ference between  the  power  of  the  directing  magnet  and 
of  the  current  over  the  needle.  In  stationary  galvanom- 
eters the  earth  can  be  used  as  the  directing  magnet. 

As  the  scientific  application  of  the  constant  current 
depends  largel}'  on  its  correct  measurement,  the  relia- 
bility of  the  meter  is  important,  The  operator  should 
know  how  many  current-units  he  administers,  which 
he  cannot  do  if  the  instrument  has  a  standard  of  its 
own. 

If  we  assume  that  the  ether  in  immediate  proximity 
to  the  current  is  polarized  (§  66,  §  73)  and  imparts  cor- 
responding polarization  to  all   polarizable  objects,  we 
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will  have  a  rational  explanation  of  the  action  of  the 
needle.  This  explains  a  condition  which  has  been  des- 
ignated "stress,"  an  unscientific  term. 

In  Fig.  41,  A  represents  cross  sectional  areas  of  cir- 
cuit and  induced  polarized  field  of  current,  with  needle 
within  its  area,  b,  c,  and  d  represent  position  of  cir- 
cuit, magnet  and  needle  when  there  is  no  current. 
Whether  the  ether  surrounding  the  current  is  merely 
polarized,  or  whether  there  is  an  ether  current  or  whirl 
— the  positive  ether  rushing  in  one  direction  and  the 
negative  in  the  other — cannot  be  decided  There  is 
nothing  in  the  character  of  the  ether  to  prohibit  such 
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Fig.  41. 
Diagram  of  GaU'anometer. 


a  double  stream,  and  it  is  probable  that  with  an  intense 
current  that  it  exists.  The  same  force  that  polarizes 
the  needle  also  polari;ces  the  ether,  the  positive  ether 
and  the  positive  end  of  the  needle  therefore  are  directed 
similarly;  both  are  acted  on  by  the  inductive  force  of 
the  current.  The  needle  is  in  a  position  of  a  dielectric 
medium  between  potentials  in  the  circuit. 

When  we  stand  facing  a  current  with  the  positive  to 
our  left  and  negative  to  our  right  the  positive  pole  of 
the  needle  will  tend  upwards  and  the  negative  down- 
wards. For  convenience  in  measuring  currents  the 
unit  emplo3'ed  in  reading  the  dial  is  one  milliampere, 
ten  niilliamperes,  or  one  hundred  milliamperes;  this  is 
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accomplished  by  measuring  the  whole  current,  one 
tenth  of  the  current,  or  one  hundredth  of  the  current, 
the  part  not  measured  being  diverted  by  means  of  a 
shunt  (Fig.  42). 


Fig.  42. 
Shunt. 

If  a  circuit  divides  into  branches  as  shown  in  Fig. 
42,  the  current  divides  also.  Any  branch  of  a  circuit 
serving  as  a  by-pass  to  another  branch  is  termed  a 
shunt.  The  amount  of  current  passing  through  one 
branch,  a  d  b,  will  have  a  relation  to  that  passing 
through  the  other  branch,  A  c  B,  inversely  propor- 
tional to  the  relation  of  the  resistances  of  the  paths  (§  17). 
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io6. 

Tabulation  of  Cells. 

Neulralizer 

The 

relatively 

F.lectro- 

Electro- 

ol cations. 

Name. 

1 

positive 
ptate. 

negative 
aol  alien. 

or  outposts 
of  electro- 
negative 
plate. 

elect  ro- 

negntive 

plate. 

Volta. 

Volta 

Zinc 

H,SO, 

None 

Copper 

i.o  too,j 

Smee 

Zinc 

H.SO, 

None 

1  Platinized 
(  silver 

i.o  too.5 

Uw 

Zinc 

H,SO, 

None 

CarlKjn 

i.o  too.S 

lirove 

Zinc 

H.SO, 

HNO, 

Plattnnm 

1-9 

Buiisen 

Zinc 

h;so, 

HNO, 

Carbon 

X-9 

l.«clanch^ 

Zinc 

Nil,  CI 

MnO, 

Carbon 

1-4 

Papst 

Iron 

Fe.Cl. 

Fe  CI, 

Carbon 

0.4 

Daniel  I 

Zinc 

ZnSO, 

Cn  vSO, 

Copper 

I.07 

De  la  Rue 

Zinc 

Zn  CI,- 

AgCl 

Silver 

1.4a 

Weston 

Cadininm 

Cd  SO, 

Hg.SO, 

Mercury 

I. as 

Pliinte/ 
Fnare f 

Pb 

PbO, 

2.1  to  1. 89 

107.  Chemic  Potential.  The  foregoing  tabulation 
shows  that  the  zinc  is  the  favorite  electro-positive  plate, 
for  the  reason  that  it  has  sufficient  positive  potential 
combined  with  solidity  to  make  it  practically  superior. 
The  alkali  metals  are  superior  to  zinc  in  the  intensity 
of  their  affinities,  but  the  lack  of  stability  makes  them 
unavailable. 

Theoretical!}'  any  electro-positive,  when  in  contact 
with  an  electro-negative,  has  the  essential  potential  for 
producing  the  chemic  action  and  setting  free  ether 
which    is   convertible    to    an    electric    current.      The 
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electro-negative  solution  has  a  molecular  potential  d 
free  negative  units.  The  greater  the  negative  potentia 
or  negative  stored  energy  there  is  in  the  molecule  th< 
more  suitable  it  is  for  the  electro-negative  solution 
The  table  shows  that  nearly  all  of  the  elements  in  th 
solutions  contain  large  quantities  of  oxygen  or  chla 
rine,  combined  with  other  negatives  such  as  sulphur 
and  elements  with  slight  positivities  such  as  hydrogen 
The  Dauiell  and  De  la  Rue  batteries  are  apparently 
exceptions,  and  will  ne;d  further  explanation. 

loS.  Polarizulion.  When  chemic  action  takes  place 
in  the  battery  there  are  set  free  positive  elements  sue! 
as  h3'drogen,  which  by  induction  seek  the  negativi 
plate.  Moreover,  electrolysis  occurs  within  the  cell 
and  the  newly  formed  salts  such  as  zinc  sulphate  ao 
again  decomposed,  and  the  positive  ions  are  depositee 
on  the  negative  plate.  Obviously  this  will  make  th( 
negative  equally  positive  with  the  positive  plate  ant 
destroy  the  difference  of  potential. 

Neutralization  of  Cations.  The  polarization  of  tin 
electro-positive  ions  is  preveuted  by  guarding  the  nega 
tive  plate  by  a  substance  with  a  large  negative  potential 
Substances  containing  large  quantities  of  oxygen  o 
chlorine  are  therefore  placed  in  position  to  intercepi 
the  positive  ions  as  they  seek  the  negative  plate.  Thui 
free  hydrogen  unites  with  the  oxygen  of  nitric  acid 
the  latter  being  reduced,  atid  the  hydrogen  being  ren 
dered  harmless,  more  stable  compounds  resulting. 

109.  Electro-negative  Plate.  The  material  for  th 
electro-negative  plate  is  selected  because  of  its  havinj 
a  less  positive  potential  than  the  positive  plate.  Th^ 
copper  atom  has  a  smaller  number  of  positive  units  am 
has  a  less  positive  potential  than  the  zinc  atom,  nevei 
theless  copper  has  more  positive  than  negative  units  i 
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its  atomic  construction.  In  its  positivities  and  nega- 
tivities the  copper  atom  is  more  evetily  balanced  than 
the  ziuc  atom  (§  31).  Therefore  copper  has  slight 
affinity  for  the  negative  solution  and  has  less  attraction 
for  the  negative  ether  of  the  current  than  zinc.  The 
copper  plate  plays  a  passive  part,  the  zinc  plate  attracts 
the  negative  ether,  and  the  positive  ether  takes  the 
other  route  towards  a  point  of  neutralization  and  radi- 
ation. If  oxygen  were  a  solid  it  would  be  the  best 
material  for  a  negative  plate;  in  fact,  when  highly 
oxidized  substances  are  used  as  neutralizers  of  cations 
they  constitute  negative  plates.  A  specifically  negative 
plate  would  be  active  in  its  attractions. 

Intensity   of  Action,     The   electro-motive   force   ex- 
pressed in  volts  depends  not  only  upon  the  intensity  of 
ic  affi.nily  existing  between  the  solution  and  electro- 

itive  plate,  but  also  upon  the  difference  of  potential 
of  the  two  plates  in  their  relationship  to  the  negative 
solution.  It  also  depends  upon  the  resistance  within 
the  cell.     This  resistance  is  decreased  by  enlarging  the 

I  surface  of  the  plates.  When  there  is  great  intensity 
of  chemic  action  the  plates  have  to  be  removed  from 
Ihe  solution,  when  the  batter3''is  not  in  use.  When 
the  chemic  affinity  is  less  intense,  resistance  to  the 
radiation  of  heat  prevents  chemic  action  taking  place 
when  the  circuit  is  open, 
no.  Leclanche  Cell.  The  Leclanche  battery  has 
great  constancy,  fitting  it  for  office  purposes,  and  is 
selected  for  description  in  detail.  The  cell  consists  of 
a  glass  jar  in  which  there  is  a  rod  of  zinc — electro- 
positive— surrounded  by  a  concentrated  solution  of 
chloride  of  ammonium.  A  porous  cell  within  the 
glass  jar  separates  the  solution  from  powdered  carbon 
mixed  with  peroxide  of  manganese.    In  the  center  of  the 
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powdered  carbon  is  a  carboa  plate — the  electro-negative. 
The  action  within  the  cell  is  formulated  as  follows: 

Zn  +  (N  H,C1),  +  Mn  O^  =  Zn  CI,  +  (N  H,h  -h 
H2O  +  Mn  O3.  By  the  formation  of  zinc  chloride 
energy  is  given  off.  The  ammonia  evaporates  through 
the  various  pores  of  the  vessel.  Hydrogen  seeks  the 
electro-negative  plate,  but  meets  and  unites  with  oxy- 
gen, which  is  loosely  held  in  the  peroxide,  water  being 
formed.  Hydrogen  is  thus  intercepted  and  kept  from 
polarizing  on  the  negative  plate.  It  is  apparent  that 
the  real  negative  plate  in  the  Leclanche  cell  is  the 
peroxide  of  manganese. 


Fig.  43- 
I.cclanche  cells  joined  iti  series:  c,  carhon  plalc ;  z,  Mac  plate. 

III.  Daniell  Cell.  The  Dauiell  cell  is  a  two-fluid 
batter}'.  It  has  the  following  parts  (Fig.  44) :  z, 
masses  of  zinc  connected  and  forming  the  electro- 
positive plate;  z  s,  semi-saturated  solution  of  zinc 
sulphate;  c  s,  saturated  solution  of  copper  sulphate; 
P,  a  porous  earthenware  vessel  which  keeps  the  solu- 
tions separate;  c,  sheet  of  metallic  copper  to  which  is 
fastened  a  copper  wire,  w,  which  is  insulated  bj'  gutta- 
percha, and  through  which  passes  the  positive  current ; 
crystals  of  sulphate  of  copper,  c  c  S,  are  kept  in  the 
copper  solution  in  order  to  keep  the  solution  saturated ; 
B,  wire  through  which  passes  the  negative  current. 
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Copper,  having  a  less  positive  potential  (§  36)  than 
zinc,  neutralizes  in  a  less  degree  the  radical  SO*. 
Therefore  the  molecule  of  copper  sulphate  has  more 
potential  than  the  molecule  of  zinc  sulphate.  Accord- 
ing to  the  law  that  molecules  tend  to  reconstruct  under 
a  lower  potential  the  negative  radical,  SO4,  leaves  the 
copper  and  unites  with  the  zinc.  The  difference 
between  the  potentials  of  zinc  sulphate  and  copper 


Fig.  44. 
Diagram  of  Daniell  Cell. 

sulphate  is  set  free  as  an  electric  current,  that  is,  the 
zinc  sulphate  molecule  has  a  smaller  induced  field  than 
the  copper  sulphate  molecule,  and  polarized  ether  is  set 
free  by  the  reconstruction. 

The  zinc  plate  is  continually  losing  zinc  and  the 
copper  plate  is  continually  gaining  copper  molecules. 
The  solution  of  copper  sulphate  is  kept  saturated  from 
the  crystals  of  copper  sulphate.  The  chemic  action 
is     probably    accomplished    by    displacement,    there 
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being  a  general  movement  of  the  negatives,  SO4, 
towards  the  zinc,  whilst  the  copper  in  combination  is 
deposited  on  the  copper  plate.  The  reactions  are  illns- 
Irated  by  the  following  formulae: 


_  y      Zn    Zn    Zn    Zn    Zu    Cu    Cu    Cu   p      , 
^°  SO,  SO4  SO,  SO,  SO,  SO,  SO,  SO,  ^"^ 

112.  Dry  Batteries.  Chloride  of  silver  battery.  The 
action  of  these  batteries  is  on  the  same  principle  as  the 
Daniell  cell,  a  displacemsjit  movement  of  chlorine 
taking  place  towards  the  zinc  plate  as  follows: 


J,    ZnZnZn  Ag  AgAg 
'  ^^^  CI  CI  CI  CI  CI    CI  *^^ 

*he    plates  are  surrounded  by  a  paste  in  which   the 
kinc  chloride,  or  in   some  cells  zinc  sulphate,  is  im- 

idded.      The   electro-negative    pole   consists   of   sil- 

rcr  chloride  which   is  gradually  reduced   to  metallic 

^ilver,  the  chlorine  combining  with  the  zinc,  thus  les- 

'sening  the  chemic  potential.     The  dry  cell  is  useful 

for  movable  batteries.     The  author  has  not  found  them 

sufficient  for  office  work. 

Storage  Batteries  or  Accumulators.     When  electro- 

^tic  action  takes  place  iu  a  fluid  and  oxygen  accumu- 
lates at  the  positive  pole,  it  will  act  on  the  positive 
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plate  if  the  plate  be  oxidizable.  If  the  plate  be  non- 
oxidizable,  oxygen  forms  on  it  and  represents  a  chemic 
potential.  It  is  clear  that  energy  may  be  stored  in 
this  manner  which  will  create  sufficient  difference  of 
potential  between  the  plates  to  cause  chemic  action 
independently  of  the  potential  of  the  fluid. 

If  two  lead  plates  be  immersed  in  water,  acidulated 

with  twenty  per  cent  of  sulphuric  acid,  and  a  galvanic 

current  passed  through  the  fluid,  the  oxygen  will  form 

an  oxide  of  lead  on  the  surface  of  the  positive  plate. 

If  the  current  is  reversed  the  oxygen  will  be  driven  to 

the  surface  of  the  other  plate,  which  is  thus  oxidized. 

When  this  process  is  repeated  a  number  of  times,  an 

oxide  of  lead  is  deposited  on  one  plate,  and  on  the  other 

a  coating  of  spongy  lead.     Thus  a  negative  potential 

resides  in  the  oxide  of  lead,  and  a  positive  potential  in 

the  spongy  lead,  and  when  the  battery  is  reraoved  a 

current  manifests  itself  iu  the  circuit  in  the  opposite 

direction  to  the  one  last  used  in  charging. 

In  order  to  have  a  more  lasting  current  the  lead 
plates  are  cast  in  moulds  with  holes  or  grids  on  their 
surfaces,  and  these  are  filled  with  oxide  of  lead  mixed 
with  sulphuric  acid.  The  plates  are  then  "formed" 
by  passing  a  current  through  them  and  are  ready  for 
use.  When  the  plates  are  connected  iu  a  circuit,  part  of 
the  oxygen  of  Pb  O,  separates  and  unites  with  the 
spongy  lead  and  forms  Pb  O;  this  action  goes  on  until 
both  plates  are  equally  oxidized.  The  ether — energy 
—is  set  free  when  the  oxygen  unites  with  the  spongy 
lead,  the  positive  ether  seeks  the  electro-negative 
plate,  Pb  Oj,  and  the  electrode  connected  with  it  be- 
comes the  positive  pole  or  anode. 

Uj.  Arrangement  of  Cells.  Cells  can  be  arranged 
in  three  ways : 
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/.  The  positive  pole  can  be  united  to  the  negative 
of  the  adjoining  cell  and  so  on  throughout  the  bat- 
tery. This  is  called  "arrangement  in  series"  (Figs. 
45,  46). 


Fig-  45- 
Cells  Joiued  iu  "Scries." 


iiiruiruj 

Fig.  46. 
RepretttitatioQ  of  Cells  in  Series. 
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Fig.  47. 
Representation  of  Cells  in  Multiple  Arc. 

2.  All  the  positives  may  be  joiued  together,  like- 
wise all  the  negatives,  which  is  called  arranging  "in 
multiple  arc"  or  ''abreast"  (Fig.  47). 

J.  They  may  be  arranged  partly  under  one  S3-stem 
and  partly  under  the  other. 

Edison  Incandescent  Current  Mains.  Suitable  appara- 
tus for  the  control  of  the  current  from  the  Edison 
incandescent  current   mains  are   furnished  by  maun- 
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facturers.  For  safety,  the  circuit  should  be  entirely 
under  the  physician's  control,  as  in  private  plants;  or 
the  supply  mains  must  be  beyond  the  risk  of  receiving 
powerful  arc-light  and  trolley  currents  from  broken 
wires.  The  voltage  controller  should  be  graded  so  as 
to  be  able  to  select  20,  50,  75,  or  110  volts.  The  cur- 
rent should  be  modified  by  an  effective  graphite  con- 
troller. The  operator  should  be  able  to  apply  currents 
from  one-fourth  milliampere  up  to  250  milliamperes. 
The  determination  of  the  polarity  of  the  wires  may  be 
made  by  placing  them  on  blotting  paper  wet  with  a 
solution  of  potassium  iodide,  the  iodine  appearing  at 
the  positive  pole. 

Rheostats  or  Current  Controllers 

114.  Instruments  intercalated  in  the  circuit  for  the 
purpose  of  modifying  the  current,  are  numerous. 

Hydro-rheostat.  The  water  rheostat  consists  of  a 
body  of  water  interposed  in  the  circuit.  The  cross 
sectional  area,  or  the  length  of  the  body  of  water,  may 
be  increased  or  decreased  thus  influencing  the  current. 

Monell  Rheostat.  This  iustrumeut  registers  the  dos- 
ige  of  secondary  coil  currents.  The  resistance  that  a 
certain  current  is  capable  of  overcoming  is  ascertained 
and  the  strength  of  the  current  thus  recorded.  Monell 
describes  the  instrument  as  follows:  "This  rheostat 
consists  of  two  glass  tubes  marked  i  and  2.  The}' 
contain  compound  fluids,  one  of  high  and  the  other  of 
low  resistance.  The  resistance  of  the  first  tube  is 
practically  1.000,000  ohms,  and  is  sufficient  to  control 
the  full  coil,  high  tension  current,  and  reduce  the  per- 
ception of  it  to  zero  in  the  most  delicate  application  to 
a  patient. 
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"The  second  tube  possesses  a  much  lower  resistance 
(55,000  ohms)  for  currents  of  less  potential  and  for 
gynecological  uses.  The  fluid  in  either  tube,  selected 
at  will  by  a  switch,  regulates  the  dosage  by  means  of 
an  adjustable  rod  regulated  at  difTereut  heights  of  the 
column." 


Fig.  48. 
Kinraide  Roeutgen  Ray  Coil. 

The  Massey  Current  Controller.  The  Massey  cur- 
rent controller  consists  of  a  slate  disc  roughened  to 
retain  a  graphite  coating.  When  the  arm  or  brush  is 
at  the  point  marked  "start"  (Fig.  49)  the  circuit  is 
open.  When  it  is  connected  with  the  graphite  point 
the  circuit  is  made,  but  the  resistance  is  great.  As 
the  handle  is  turned  the  resistance  is  lessened  by  an 
increase  of  the  cross-sectional  area  of  graphite  coating 
and  the  current  is  increased  accordingly. 
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for  labile  applications,  because  it  packs  under  pressure 
and  does  not  hold  water  so  well  as  felt.  Felt^  the 
thick,  firm,  white  variety  used  on  piano  keys,  is  very 
satisfactory  for  medium  sized  electrodes  and  when 
moderate  dosage  is  indicated.  For  very  large  dosage 
of  the  galvanic  current  day  makes  the  best  electrode. 
The  kind  called  potters  clay  is  superior.  Clay  adjusts 
itself  to  tlie  skin,  holds  water  well,  and  allows  the  cur- 
rent to  enter  the  skin  in  such  an  evenly  distributed 
manner  that  a  larger  current  can  enter  without  irrita- 
tion or  pain  than  with  any  other  substance  emploj'ed. 
It  is  not  used  unless  very  large  amperage  is  required. 
Moulds  of  different  sizes  can  be  had  from  the  instru- 
ment makers  which  can  be  filled  with  the  material 
when  desired. 

116.  Care  of  Electrodes.  All  electrodes  become  cor- 
roded by  the  positive  current  with  the  exception  of 
those  made  of  platinum  or  gold.  Nickel  is  but  slightly 
corroded,  Sponges  should  be  washed  and  disinfected. 
Fastidious  patients  may  supply  their  own  sponges. 
Covers  may  be  used  for  the  electrodes  and  washed  like 
towels.  Absorbent  cotton  can  be  used  as  a  covering. 
Clay,  felt,  sponge,  and  cotton,  used  in  their  separate 
places  as  dosage  and  location  indicate,  give  more  satis- 
faction than  other  available  material.  It  must  be  kept 
clearly  in  mind  that  the  material  of  these  electrodes  is 
not  the  conducting  agent,  but  the  water  in  their  meshes, 
and  that  water  itself  is  greatly  improved  as  a  conductor 
by  being  alkaline.  This  is  best  effected  by  adding  a 
teaspoon ful  of  bicarbonate  of  soda  to  a  pint  of  warm 
water.  Common  salt  is  not  as  good  as  the  bicarbonate, 
as  the  chlorine  when  set  free  corrodes  the  electrode. 

117.  Water  Electrode.  Water  or  an  alkaline  solution 
can  be  used  as  a  bath-electrode.     Any  vessel  of  the 
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necessary  dimensions  may  be  partly  filled  with  water, 
and  the  terminal  of  the  conductor,  and  the  part  of  the 
■bod 3'  to  which  electricity  is  to  be  applied,  placed  in  the 
liquid.  This  is  an  excellent  method  of  equalizing  the 
current  over  the  smaller  joints,  or  over  such  parts  of 
the  body  as  can  be  immersed  in  the  liquid. 

iiS.  Metal  Electrodes.  Without  covering  these  are 
needed  for  special  applications.  With  the  galvanic 
current  they  are  seldom  used  on  the  cutaneous  sur- 
faces, but  on  mucous  surfaces  within  the  cavities  of 
the  body  they  are  indispensable.  Needles  for  the  pur- 
pose of  puncturing  tissues  are  also  necessary. 

Metal  electrodes  differ  in  the  material  of  which  they 
are  couiposed,  and  in  the  shape  and  size  necessary  for 
adaptation  to  the  cavity.  As  metals  are  electro-positive 
the  ions  at  the  negative  pole  do  not  chemically  attack 
them.  Any  metallic  substance  therefore  may  be  used 
for  a  negative  electrode.  But  with  the  exception  of 
platinum  and  gold  all  metals  are  decomposed  by  the 
electro-negative  ions  that  are  attracted  to  the  positive 
pole,  by  the  inductive  influence  of  the  galvanic  current. 
By  the  employment  of  an  electrode  other  than  platinum 
or  gold,  the  substance  of  the  electrode  suffers  and  the 
tissue  may  be  undesirably  affected  by  the  decomposed 
metal.  Gold  being  expensive,  platinum  is  used  for 
positive  electrodes  when  punctures  or  intra-uterine 
applications  are  being  made.  Carbon  and  pure  tin  can 
be  used  for  positive  electrodes  when  the  current  is 
below  medium  dosage. 

When  it  is  desirable  that  the  special  effect  of  a  nas- 
cent salt  be  added  to  the  effect  of  the  current,  then 
such  material  as  copper,  zinc,  etc.,  may  be  employed 
as  positive  electrodes  (§  63). 
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MlLLl  AMPEREMETERS 

121.  The  principles  of  current-measurement  have 
been  explained  in  another  chapter  (§  105).  No  appli- 
cation of  the  galvanic  current  should  be  made  without 
knowing  the  dosage  employed.  The  meter  more  than 
any  other  instrument  justifies  the  claim  of  electro- 
therapy to  scientific  exactness,  and  electro-therapeutists 
should  see  that  they  possess  an  accurate  instrument 
according  to  standard  measurements.  Some  of  the 
instruments  on  the  market  possess  standards  of  their 
own.  The  Committee  on  Meters  of  the  American 
Electro-Therapeutic  Association  made  the  following 
report : 

PUBLISHED  TEST   OF  THE  COMMITTER 
ON   METERS   IN    1S96 


NAME  OF  METER 


Weston,  o  to  500.... 
Kennelly,  o  to  100. 
Kennelly,  o  to  150. 
Chloride,  o  to  350.. 

Jewell,  o  to  300 

Mcintosh,  olo  300 
Kidder,  0  to  250.... 
Vetter,  o  to  250..,. 


l<n.I,IAM PERES  READ  IN  TEST 

12 

15 

20 

30 

40 

50 

75 

100 

"5 

150 

200 

250 

12 

«5 

20 

30 

39 

49 

74 

9a 

12 

15 

ao 

30 

40 

50 

74 

99 

"3 

148 

12 

15 

31 

.11 

43 

5^ 

So 

100 

135 

165 

225 

It 

H 

J9 

28 

37 

47 

70 

94 

II 

14 

'9 

29 

3S 

19 

74 

97 

"5  14H 

20O 

275 

12 

15 

21 

30 

40 

50 

7.S 

9« 

125  j  148 

205 

252 

12 

16 

21 

32 

40 

52 

78 

108 

129  1  ^52 

213 

251 

In  the  test  the  Jewell  meter  was  withdrawn  on  account 
of  an  accidental  injury  it  had  sustained  in  transportation. 
A  good  meter  should  be  free  from  the  perturbing  influ- 
ence of  proximating  bodies  of  iron  and  steel.  The 
same  committee  subjected  the  following  meters  to  the 
severe  test  of  a  new  8-inch  permanent  magnet  brought 
close  to  them,  with  the  following  results : 
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Vetter,  no  deflection. 

Jewell,  4  milliamperes. 

Weston,  5  " 

Kennelly,  5 

Kidder,  75 

Mcintosh,  off  scale  entirely. 

Chloride,       "      " 

\y  a  good  meter  the  electro-therapeutist  is  able  to 
measure  minute  currents  even  to  the  tenth  of  a  milli- 
amjjere,  as  needed  in  ophthalmic  practice,  up  to  250 
or  500  milliamperes,  as  required  in  gynecological  work. 
The  instrument  therefore  should  have  different  scales, 
which  is  accomplished  by  shunting  part  of  the  cur- 
rent, making  accuracy  of  calculation  practicable. 

122.  Po/e  Changer  or  Current  Reverse r.  For  the 
purpose  of  rapid  reversal  of  the  direction  of  the  cur- 
rent— voltaic  alternation — galvanic  batteries  usually 
have  a  simple  switch  attached.  More  complicated 
instruments  have  been  devised  by  instrument  makers, 
but  the  simpler  form  sufficiently  answers  the  purpose 
of  the  operator. 


*  *')  o«, 


<s.  «a.  » 


Fig-  54. 

Galvanic  Switchboard.    With  circle  of  36  buttons,  double  selecting  switch, 
pole  changes  and  binding  posts. 


CHAPTER  VIII 

Radiant  Energy 

123.  Ether  Changes.  In  the  galvanic  cell,  bj'  lower- 
ing chemic  potential,  polarized  ether  is  transformed 
into  atomic  ether — the  electric  current.  In  the  elec- 
trolyte the  atomic  ether  again  becomes  molecular, 
polarized  in  the  induced  field  of  a  chemic  potential. 
In  thermo-electricity  a  molecular  ether-stream  as  heat 
is  transformed  into  an  electric  current  which  again  is 
converted  into  heat.  In  the  incandescent  lamp  atomic 
ether  becomes  molecular  and  manifests  itself  as  light, 
and  in  the  spark  of  a  static  machine  the  light  phenom- 
enon is  coincident  with  the  formation  of  molecular 
ether.  In  the  various  transmutations  of  force  there  is 
involved  a  degree  of  waste  chiefly  represented  as  molec- 
ular ether  radiating  as  heat. 

124.  Transmission  of  Energy.  By  radiant  energy  is 
meant  energy  transmitted  from  a  source  and  producing 
efiFects  at  a  distance.  The  transmission  may  take  place 
in  one  of  two  ways : 

/,  By  actual  transfer  of  matter  carrying  the  energy 
with  it^  as  in  the  case  of  a  bullet  or  charge  of  shot 
from  a  gun.  Energy  transmitted  in  this  way  is 
characterized  by  moving  from  the  source  to  the  dis- 
tant point  in  straight  lines,  if  not  subjected  to  other 
forces  on  the  way.  The  energized  particles  of  mat- 
ter constitute  real  rays,  and  an  obstacle  in  their  path 
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will  cast  a  sliadow  sharply  defined,  that  is,  the 
shadow  of  the  obstacle  will  correspond  exactly  with 
the  geometrical  shadow.  The  conveyance  of  electric 
energy  through  air  or  other  dielectric  raediiira,  the 
cathode  rays  in  a  Crookes  tube,  and  the  Roentgen 
rays  are  instances  of  this  method  of  transmission. 
The  passage  of  the  galvanic  current  through  fluids 
may  be  similar  to  a  real  raj'. 

2.  The  transmission  may  take  place  through  a 
medium  with  slight  if  any  displacement  of  matter^  each 
particle  of  the  medium  conveying  the  energy  to  tlie 
surrounding  particles  by  a  vibration  on  its  axis,  but 
maintaining  Us  relative  position.  Transmission  of 
this  character  constitutes  zvave  motion.  The  rays  are 
not  real  as  in  the  first  class,  their  shadows  are  not 
sharply  defined,  and  they  are  transmitted  to  some 
extent  within  the  geometrical  boundary  of  the 
shadow. 

125.  Wave  motion  is  distinguished  by  interference 
and  refraction  phenomena  from  genuine  rays.  The 
vibration  of  each  particle  of  the  medium  may  take  place 
longitudinally  or  in  the  line  of  propagation,  or  it  may 
take  place  transversely  or  at  right  angles  with  that 
line.  Energy  traveling  as  a  real  ray  may  be  trans- 
formed into  the  energy  of  wave  motion,  thus  a  cannon 
ball  striking  a  target  has  part  of  its  energy  converted 
into  a  flash  of  light. 

126,  Sources  of  IVave  Motion  : 

1.  The  kinetic  energy  of  the  electric  current — 
ether  atoms  combining  and  forming  molecular  ether. 

2.  Chemic  action — molecules  of  ponderable  matter 
being  reconstructed  under  a  lower  potential  and  set- 
ting free  polarized  ether  from  their  induced  fields. 
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J.  Compression   of   matter — intermolecular  ether 

forced  from  the  compressed  body. 

4.  The  ether  in  the  path  of  a  body  of  great  kinetic 

energy  and  of  great  inductive  potential  is  polarized 

as  the  body  passes  through  it. 

Associated  with  all  light  and  heat  phenomena  is  the 
setting  free  of  ether  in  the  molecular  form.  The  two 
principal  factors  in  the  production  of  heat  and  light 
radiation  are  as  follow  : 

/.  The  extensibility  or  impenetrability  of  the  ether 

molecule  which  has  been  set  free. 

3.  An  equilibrium  existing  between  all  forms  of 

matter,  including  ether,  in  relation  to  space,  which 

certain  forces  tend  to  preserve  (§  38)  and  which  the 

freed  ether  disturbs. 

But  for  other  forces  the  ether  molecules  set  free,  as 
from  an  electric  current,  would  form  a  so-called  vacuum 
— a  space  containing  no  matter  excepting  ether — or,  if 
set  free  by  chemical  action,  the  ether  molecules  are 
placed  intermolecnlarly  in  excess  of  the  molecular 
potential  of  the  newly  formed  ponderable  substance; 
both  of  the.se  conditions  are  disturbances  of  the  equi- 
librium of  matter.  Molecules  and  masses  of  ponderable 
matter,  pressing  together  by  gravitation,  force  the 
ether  to  move  in  the  opposite  direction,  and  set  up 
the  wave  disturbances  known  as  heat  and  light. 

127.    Wave  Motion.     Wave  motion  is  modified  by: 
/.  The  intensity  of  the  potential  that  created  the 

energy. 

2.  The  rarity  or  density  of  the  medium  tlirough 

which  the  energy  is  propagated. 

Wave  radiations  vary  in  frequency  from  10  million 
millions  to  1,622  million  millions  per  second  of  time. 
The  frequencies  that  aflFect  the  eye  physiologically  are 
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comprised  within  392  million  millions  and  757  million 
milliotis,  the  portion  of  radiant  energy  between  these 
limits  is  known  as  light.  Except  in  the  matter  of 
frequency,  light  does  not  diflfer  in  any  respect  from 
wave  radiations  in  general.  Between  the  limits  of 
vibratory  frequencies  that  affect  the  eye  there  are  many 
distinct  frequencies  recognized  as  light.  Color  is  de- 
fined objectively  by  the  vibration-frequency  required 
to  produce  it. 


CONSTANTS   OF   LIGHT   WAVES 
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128.  Fluorescence.  By  passing  an  ultra-violet  ray 
through  a  solution  of  quinine  or  aesculin  a  blue  light 
will  be  observed.  The  high  frequencies  of  the  radia- 
tions are  reduced  by  the  vibrations  of  the  quinine  so 
that  they  strike  the  eye  physiologically.  Decreasing 
vibratory  frequencies  is  known  as  fluorescence.  Other 
substances,  such  as  fluor-spar,   fluorescein,  eosin,  thai- 
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Hum,  uranium  and  some  hydro-carbons,  also  possess  this 
propert3^  The  production  of  luminous  from  non-lumin- 
ous radiation  of  less  frequency  has  been  called  calorfs- 
cence.  This  propert}'  is  possessed  by  certain  substances 
such  as  lime  and  platinum  under  proper  conditions. 

129.  Frequencies  of  Radiations.  If  a  current  is 
passed  through  a  circuit  in  which  there  is  placed  a 
piece  of  platinum  wire  giving  the  maximum  resistance 
of  the  circuit,  neutralization  of  the  atomic  ether  will 
take  place  in  the  platinum.  The  nascent  molecular 
ether  around  the  platinum  tends  to  form  a  vacuum 
which  the  atmospheric  pressure  renders  impossible. 
The  mixing  of  the  newly  formed  molecular  ether  with 
the  air  is  a  disturbance  in  the  equilibrium  of  matter, 
and  in  its  results  it  is  similar  to  throwing  a  stone  into 
water.  Waves  thus  radiate  from  the  disturbed  center 
the  intensity  of  which  is  measured  by  the  degree  of 
temperature,  or  number  of  ether  molecules  disturbing 
the  equilibrium.  As  the  force  of  the  current  is  in- 
creased the  number  of  nascent  molecules  of  ether  is 
increased,  and  as  each  molecule  has  to  occupy  a  place, 
the  number  of  waves  corresponds  to  the  number  of 
nascent  molecules.  The  frequency  and  amplitude  of 
waves  must  Ix;  directly  proportional  to  the  numl>er  of 
newl}'  formed  ether  molecules;  or  if  the  ether  comes 
from  molecular  polarized  fields  readjusted,  the  frequency 
and  amplitude  will  be  directh'  proportional  to  the  num- 
ber of  ether  molecules  depolarized  or  set  free,  in  a  given 
time.  As  the  ether  molecules  set  free  pass  through  the 
induced  fields  of  ponderable  molecules  b3-  displacement, 
and  as  the  radiation  meets  differential  resistance,  the 
waves  are  modified  by  the  character  of  the  medium 
(Figs.  70,  71)  and  by  the  vibratory  balance  of  its  mole- 
cules (§1). 
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•  At  the  commencement  of  the  current  the  vibrations 
are  merely  appreciated  as  a  sensation  of  heat.  As  the 
amperage  is  increased,  the  amount  of  nascent  ether  is 
increased  ,.and  consequently  the  number  of  vibrations. 
When  there  are  about  392  trillions  of  molecular  births 
per  second,  each  birth  is  announced  by  an  illumination 
which  appears  as  dull  red.  Each  increase  in  number 
of  nascent  molecules  of  ether  gives  a  corresponding 
increase  of  vibrations  and  a  consequent  change  of  color. 
When  the  vibrations  number  757  million  millions  per 
second,  the  lower  light  vibrations  being  also  present, 
the  platinum  is  at  a  white  beat. 

Lights  difter  physiologically  or  subjectively  in  their 
intensity  and  color.  In  an  objective  or  physical  sense 
light  diflfers  as  to  reflection,  refraction  or  velocity 
through  bodies  of  different  densities,  as  well  as  in  dif- 
fraction and  interference  phenomena. 


Roentgen  Rays 

(A'  Rays) 

130.  The  essential  character  of  electric  energy  for 
the  production  of  the  Roentgen  rays  is  an  interrupted 
current  of  great  tension.  This  may  be  furnished  from 
an  induction  coil  or  from  an  electric  apparatus  such  as 
the  Holtz  or  Wimshurst  machine. 

The  important  factor  in  the  generation  of  the  Roent- 
gen rays  is  the  condition  of  electric  discharge,  or  electric 
neutralization.  It  is  absolutely  necessary  that  this 
should  take  place  in  a  rarefied  medium.  The  rarefac- 
tion is  effected  by  exhaiistiug  a  glass  globe  or  tube  to 
a  very  great  decrement.  This  tube  receives  its  name 
from  the  degree  of  exhaustion.  A  Geissler  tube  is 
exhausted  to  about  the   one  thousandth   part,  and   a 
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Crookes  tube  to  about  the  one  millionth  part  of  ordi- 
nary atmospheric  pressure.  The  tubes  ma^'^  be  of  any 
shape  convenient  for  special  purposes.  The  degree  of 
exhaustion  of  the  tube,  the  form  and  disposition  of  the 
poles,  and  other  details  of  construction  may  be  varied 
according  to  the  experiments  intended. 

131.  The  Geissler  tubes  contain  a  residuum  of  air, 
oxygen,  nitrogen,  hydrogen,  carbon  dioxide,  etc.,  each 
gas  exhibiting  a  peculiar  light  when  traversed  by  au 
interrupted  current  of  high  potential.  At  the  negative 
electrode  of  the  tube  there  appears  a  beautifully 
luminous  phenomenon.  These  tubes  produce  Roent- 
gen rays  feebly,  if  at  all.  This  is  probably  owing  to 
the  exhaustion  not  being  sufficient  to  dissociate,  or  to 
allow  the  current  to  dissociate,  the  molecules  of  the 
residuum. 

132.  The  Crookes  vacuum  tubes  exhibit  certaiu 
distinctive  phenomena.  The  radiant  energy  emanating 
from  the  cathode  is  called  the  cathode  rays.  It  is  a 
stream  of  luminous  matter  sent  out  on  straight  lines 
perpendicularly  to  the  cathodal  surface,  and  independ- 
ently of  the  position  of  the  anode,  which  may  enter  at 
any  part  of  the  tube  without  affecting  the  direction  of 
the  radiant  stream.  The  cathode  rays  strike  against 
the  opposing  object  which  has  been  called  the  bom- 
barded surface.  It  is  better  that  the  cathode  be  con- 
cave, thus  focusing  the  rays  and  giving  a  small  bom- 
barded area.  The  Crookes  tube  at  the  bombarded  spot 
manifests  a  singular  illumination  which  has  been  char- 
acterized as  fluoresceuce. 

The  cathode  rays  have  distinctive  characteristics. 
Professor  Crookes  showed  that  they  possessed  mechan- 
ical properties  and  were  deflected  by  a  magnet.  Jean 
Perria  proved  that  they  were  negatively  charged,  and 
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capable  of  charging  a  body.  The  cathode  rays  produce 
fluorescence,  affect  a  photographic  plate,  and  have  a 
certain  degree  of  penetration  through  opaque  bodies, 
depending  on  the  potential  of  the  current,  the  rarity  of 
the  residium  and  the  character  of  the  medium.  The 
experiments  of  Leonard,  Crookes,  De  Kowalski  and 
others  with  the  cathode  rays,  were  preparatory  work, 
which  made  the  discovery  of  Prof.   Roentgen  possible. 

The  cathode  rays  heat  the  object  bombarded ;  a  thin 
lamella  of  glass  placed  in  their  path  will  be  molten. 
Crookes  showed  that  they  were  capable  of  driving  a 
small  mill  placed  so  as  to  receive  them  on  its  wings. 
When  taken  from  the  tube  in  which  the}'  originate  to 
another  tube  the}'  will  discharge  an  electroscope. 
Their  properties  do  not  depend  upon  the  nature  of  the 
residual  gas,  a  fact  which  makes  it  probable  that  the 
atoms  of  all  gases  are  dissociated  and  for  the  time  lose 
their  identity. 

133.  The  Roentgen  rays  have  their  origin  at  the 
bombarded  spot  in  the  Crookes  tube.  The  radiant 
energy  is  transformed  at  this  point,  and  one  of  the 
results  of  the  transformation  is  the  development  of  the 
Roentgen  ray. 

When  an  energized  Crookes  tube  is  placed  within  a 
black  card-board  muff  which  intercepts  its  light,  and 
then  placed  in  a  dark  room  so  that  it  approaches  a 
screen  painted  with  some  phosphorescent  substauce, 
the  substance  begins  to  glow,  although  no  light  is  vis- 
ibly falling  on  the  screen.  If  a  metallic  substance  is 
placed  between  the  tube  and  the  screen,  its  shadow  will 
be  seen  on  the  screen,  but  a  book  and  various  other  sub- 
stances opaque  to  ordiiiary  light  will  cast  no  shadow. 
Placing  the  hand  in  the  same  position,  there  is  pro- 
jected on  the   screen  dark  shadows  of  the  bones,  but 
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almost   no   shadow    of  the  flesh.     These  and   similar 
phenomena  are  produced  by  the  Roentgen  ra3'S. 

134.  The  characteristics  of  the  Roentgen  rays  are 
as  follows :  They  affect  the  photographic  plate  and 
produce  fluorescence  in  certain  salts.  They  pass 
through  substances  entirely  opaque  to  ordinary  light, 
as  paper,  wood,   hard   rtibber,   flesh,  etc.     They   have 
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dislinctive  relative  poaver  in  penetrating  Jlesh  and  bones. 
They  are  not  electrically  charged,  but  discharge  bodies 
already  charged.  When  falling  on  the  air  surround- 
ing a  charged  body  they  render  the  air  a  conductor  of 
electricity,  and  thus  effect  the  discharge  of  the  elec- 
trified body. 
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When  the  Roentgen  rays  strike  against  metallic 
snrfaces  they  are  not  deflected  but  irregularly  diffused. 
The  diffusion  differs  from  reflection,  not  only  in  its 
irregularity,  but  also  in  the  important  fact  that  the  rays 
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themselves  are  changed  in  character.  In  this  change 
they  approach  more  to  ordinary  light,  and  their  power 
of  penetrating  through  £esh  and  wood  is  diminished. 
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In  the  latter  fact  there  is  a  remarkable  analogy  between 
the  Roentgen  rays  and  ultra-violet  radiations. 

When  the  Roentgen  rays  are  of  great  intensity  they 
become  visible,  affecting  the  eye  physiologically  in  the 
peripheral  parts  of  the  retina,  which  contain  more  rods 
than  the  central  parts.  As  the  pressure  in  the  Crookes 
tube  is  lessened  to  a  definite  minimum  and  the  poten- 
tial of  the  current  proportionately  increased  the  Roent- 
gen rays  become  more  penetrating.  If  the  tube  is 
made  a  perfect  vacuum,  containing  nothing  but  ether, 
there  is  no  conducting  medium  and  therefore  no  electric 
current  (§  38).  With  a  maximum  decrement  consistent 
with  electric  conduction  and  under  the  greatest  pres- 
sure, the  rays  will  pass  through  metals,  shells,  etc. 

The  comparative  resistances  offered  to  the  passage  of 
Roentgen  rays  through  the  organs  of  the  human  body 
is  distinctively  characteristic.  The  bones,  liver,  and 
denser  tissues  present  dark  shadows,  whilst  the  lungs 
and  less  dense  tissues  barely  cast  a  shadow.  Bullets 
of  lead  and  other  metallic  opaque  substances  cast  dark 
shadows  and  are  therefore  easily  detected.  Displaced 
bones,  as  in  fractures  and  luxations,  are  unerringly 
photographed. 

135.  7 heoreiical  Considerations.  The  position  of  the 
Roentgen  rays  among  the  phenomena  of  light  has  not 
been  definitely  settled.  In  an  article  on  the  subject 
published  in  Archives  of  the  Roentgen  Ray,  London) 
May,  189S,  and  also  in  the  Electrical  Review^  New 
York,  March,  1898,  the  author  advanced  the  theory 
that  the  rays  consisted  of  dissociated  ponderable  atoms. 
In  view  of  the  hypothesis  that  ether  atoms  can  be  dis- 
sociated and  therefore  exist  apart  as  positive  and  nega- 
tive electricity,  it  is  probable  that  with  an  extreme 
potential   ponderable  atoms,  as  subnormal  molecules, 
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lemical  elementary  atoms.     Consequeutl3'  any  of  the 

countless  degrees  of  condensations    of  matter   (§    19) 

between  the  real  elementary    unit — the  ether  atom — 

l(§  20)  and  the  so-called  chemically  elementary  atoms 
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may  be  artificially  produced  by  the  great  decrement 
of  pressure,  even  without  electric  action. 

136.  The  conditions  are  these:  At  the  cathode  there 
are  negative  ether  atoms  under  a  high  pressure,  and  at 
the  anode  positive  ether  atoms  also  having  great  poten- 
tial. The  attractions  and  repulsions  of  the  ether  atoms 
are  pressing  them  forward  in  the  way  of  neutralization. 
Although  the  anode  may  enter  at  any  part  of  the  tube, 
it  is  absolutely  necessary  that  entrance  be  made. 

Neutralization  of  the  electric  current  must  completely 
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take  place  in  the  tube  owing  to  the  great  resistance 
met  in  that  part  of  the  circuit.  The  molecules  of  the 
residual  gas,  reduced  in  size  and  simplified  in  construc- 
tion but  raised  iu  potential  by  the  extreme  decremeut, 
approximating  the  electrodes,  are  electrified  positively 
and  negatively,  respectively.  These  molecules  do  not 
undergo  electrolysis  at  the  cathode,  as  the  first  step  in 
electrolytic  dissociation  takes  place  at  the  point  of  neu- 
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tralization  {§  53).  The  character  of  the  gas  particles 
does  not  aflfect  the  electrification,  as  any  substance  can 
be  electrified  either  positivel3^  or  negatively,  when  not 
in  the  presence  of  other  substances  having  greater 
attractions  for  the  electrification.  The  residual  gas, 
however,  will  have  its  more  electro-positive  molecules 
(disintegrant  molecules)  attracted  to  the  cathode,  and 
its  more  electro-negative  to  the  anode. 

The  important  factors  in  directing  the  course  of  the 
electrified  particles  are  the  repulsion  of  the  negative 
current — inherent  diflfusibilit}'  of  negativities — and  the 
comparative  size  of  the  particles  electrified  by  negative 
ether;  and  these  particles  difler  from  those  positivel}^ 
electrified  (§61)  as  the  molecules  of  hj'^drogen  differ 
from  those  of  oxj'gen.  The  kinetic  force  is  sufficient 
to  overcome  the  attraction  of  the  anodal  electrification, 
and  the  cathode  rays  go  forward  in  a  straight  line 
independently  of  positive  attraction.  The  positive  cur- 
rent, however,  without  reference  to  the  location  of  the 
anode,  undoubtedly  meets  the  cathodal  stream  at  the 
bombarded  point.  Consequently  here  is  where  neu- 
tralization takes  place,  and  this  fact  accounts  for  the 
illumination,  which  is  similar  to  a  spark.  The  fact  of 
the  cathode  rays  taking  a  course  independently  of 
anode  attraction  points  to  an  inherent  repulsive  forccj 
in  negative  ether  atoms.  This  important  fact  admits  of 
no  other  explajiation  than  that  the  kinetic  potential  of 
cathode  particles  is  based  on  the  fundamental  principle 
of  repulsion  or  diffusibilit_v  possessed  bj'  negative 
ether-units;  and  the  action  of  this  principle  is  showa_ 
by  mutual  repulsion  on  the  part  of  the  units  of  nega- 
tive electricity  as  manifested  in  the  cathode  stream. 
There  is  no  analogous  fact  pointing  to  a  similar  prin- 
ciple of  action  on  the   part  of  positive  electricity,  but 
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facts  point  to  a  concentrativeness  on  the  part  of  posi- 
tivities. 

A  lamella  of  glass  placed  in  the  path  of  the  cathode 
ra3'S  will  obstruct  them  so  that  neutralization  of  the 
electric  current  takes  place  in  the  glass,  hence  the 
molten    state.       By    this    arrangement,    between    the 
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CrooVed  Tat>e  with  Vacuum  Rays.  9,  negative  subtnolecules  attracted  to 
aaodc;  O,  positive  suhmoleculcs  attracted  to  cathode  and  shown  as 
cbarKed  in  cathode  rays  ;  a,  anode  ;  k,  cathode  ;  K  K,  cathode  rays  com- 
posed of  charged  positive  subiuolecules  ;  N  L,  light  at  botnljarded  spot 
from  neutralization  of  positive  aud  negative  ether  of  electric  currents; 
R  R.  Roentgen  rays  composed  of  positive  subinoleculcs  reduced  in  size 
from  the  cathode  molecules ;  f,  fluoroscopic  substance  obstructing 
Roenlgeu  rays  and  emitting  light  waves  ;  r  r.,  molecular  ether  from  the 
induced  fields  of  the  submolecules  neutralized  by  the  fluorescent  sub- 
stance, the  ether  radiating  as  light. 
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lamella  of  glass  and  the  apparent  anode  there  will  be 
anode  rays — a  stream  of  negative  matter  positively 
charged.  It  would  be  interesting  to  know  the  differen- 
tial character  of  anode  rays,  the  propelling  power  iu 
which  is  attraction  between  positives  and  negatives. 
On  the  other  hand  the  predominating  propelling  power 
of  the  cathode  rays  is  the  inherent  repulsion  of  nega- 
tives, attraction  between  positives  and  negatives  being  a 
snbordinate  force. 

137.  In  discussing  electroU'sis  it  is  pointed  out  that 
the  newly  formed  molecular  ether  follows  the  course  of 
least  resistance,  and  iu  electrolysis  the  molecule  of 
ether  acts  on  a  molecule  of  ponderable  matter  (§  53). 
At  the  bombarded  spot  the  newly  formed  molecular 
ether  must  follow  one  of  two  courses:  (i)  It  may  find 
room  for  itself  amongst  the  ether  molecules  iu  the 
tube,  thus  setting  up  wave  radiation;  or  (2)  it  may 
disrupt  a  molecule  of  the  gas  into  component  parts  of 
higher  potential,  as  in  the  first  step  of  electrolysis. 
The  illumination  of  the  bombarded  surface  proves  that 
the  nasceut  molecular  ether  partly  follows  the  first 
course.  The  evidence,  however,  favors  the  conclusion 
that  part  of  the  newlj'  formed  ether  molecules  follows 
the  second  course.  In  this  they  are  assisted  by  the 
tenuous  condition  of  the  gas  in  the  vacuum. 

138.  The  negatively  electrified  particles  of  the  ca- 
thode radiation  which  belong  to  the  electro-positive 
elements  of  the  residual  gas,  striking  agaiiist  the  op- 
posed surface — the  anode — lose  their  electrification  by 
ueutralization.  The  following  forces  act  within  the 
tube  and  are  to  be  considered  as  factors  in  the  produc- 
tion of  Roentgen  rays : 
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/.  The  bombardment  impelled  by  the  tremendous 

kinetic  potential  of  the  cathode  stream. 

2.  The  ether  molecule,  formed  by  the  neutraliza- 
■  tion  of  the  positive  and  negative  currents,   concen- 
trating on  the  cathode  particle. 

?.  The  attraction  of  the  cathode  for  the  cathode 

particle  after  the  latter  has  lost  its  electrification  at 

the  bombarded  spot. 

^.  The  extreme  decrement   of  the   tube   favoring 

tenuity.     This,   however,  acts   on  the  residual   gas 

independentlj'  of  the  current. 

If  the  gas  in  the  tube  has  reached  an  extreme  decre- 
ment— the  positive  elements  of  the  gas  being  equal  to 
the    primary  coudeusatious — no  further  disruption    of  ' 
the  cathode  particles  by  electrolysis  is  possible,  and  in 
this  case  the  Roentgen  rays  ought  to  be  identical  with 
the  cathode  rays,  only  they  are  not  electrically  charged. 
Then  the  electric  current  is  transformed  into  light  or 
heat  waves  within  the  tube,  or  the  nascent  ether  mole- 
cules ma3'  act  upon  the  electro-negative  molecules  at 
the  anode,  which  may  be  further  dissociated,  the  com- 
ponent resultants  seeking  their  respective  poles.     On 
the  other  hand  if  the  cathode  particles  admit  of  further 
dissociation  by  the  electrolytic  action   of  the  nascent 
ether  molecules  the  latter  will    be   polarized   by   the 
higher  potential  of  the  dissociated  elements,  and  carried 
along  in  their  induced  fields.     It  is  evident  that  in  au}^ 
case  the  Roentgen  rays  are  composed  of  subnormal  mole- 
cules of  positive  quality  which  have  reached  the  limit  of 
dissociation,  and  that  they  have  a  very  high  iiiductive 
potential  and  accordingly  ver^'  large  induced  fields  (Fig. 
61).     As  they  are  reflected  from  the  bombarded  spot 
they  retain  the  kinetic  potential  of  the  cathode  stream, 
but  the  inductive  attraction  of  the  electric  current  must 
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modify   their    course   by  directing   them   towards  the 
cathode. 

139.  A  ra\'  composed  of  such  uiiuute  elements  is 
possible  from  the  fact  that  the  particles  have  weight; 
whereas  the  projection  of  an  ether  stream  is  impossible 
as  the  ether  molecule  cannot  have  kinetic  potential, 
not  having  weight.  Because  of  the  minuteness  of  its 
particles  such  a  ray  has  greater  penetrating  power  than 
that  of  any  other  known  real  ray.  The  Roentgen  ray 
discharges  p)ositively  and  negatively  charged  bodies  by 
rendering  the  air  a  conductor,  thus  interfering  with  the 
insulation  of  the  charges.     Dry  air  has  molecular  inter- 


Fig.  61. 

Radiant  Molecule  of  Roentgen  Ray,  i/iooo  of  the  mass  of  the  hydrogen 
atom  but  imnienscly  greater  in  potential.  The  plus^symbol  on  the 
sphere  denotes  the  constituent  quality  of  its  inductive  potential ;  and 
the  |)lus  and  minus-symbols  denote  the  induced  polarized  field.  The 
tridimensional  space  occupied  by  the  molecule  and  its  induced  field 
may  be  larger  than  the  similar  space  of  the  hydrogen  molecule. 

spaces  ou  which  are  based  its  insulating  properties, 
and  the  ray,  through  polarization,  ma}'  bridge  the 
interspaces,  thus  improving  the  conduction.  The 
radiant  particles,  however,  may  be  electrified  by  passing 
througli  a  charged  body,  and  become  carriers  of  elec- 
tricity as  in  the  cathode  rays,  or  as  air  molecules  are  in 
rupture  of  that  medium. 

The  Roentgen  ray  is  not  deflected  by  a  magnet  hav- 
ing no  electric  charge  on  the  surface  of  its  particles. 
Inside  the  tube  the  dissociated  particles  are  normal  or 
approach  nonnal,  as  to  equilibrium ;  outside  the  tube 
they  acquire  a  potential  from  the  changed  condition  of 
environment  relative  to  their  sub-normal  condensation. 
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In  the  cathode  stream  the  molecules  are  electrically 
charged,  and  the  intimacy  between  the  charge  and  the 
constitneut  units  of  the  molecules  may  be  similar 
to  the  relation  between  the  constituent  units  of  molecules 
differing  only  in  degree,  and  relative  placement. 

140.  Although  the  Roentgen  rays  as  they  issue  from 
the  Crookes  tube  consist  of  minute  particles  having 
great  potential  because  of  their  tenuous  state,  and 
having  great  kinetic  force,  it  is  possible  that  on  meet- 
ing resistance  in  their  path  their  character  may  be 
changed.  On  striking  an  impenetrable  substance  such 
as  bone  their  potential  is  converted  into  heat,  and  they 
chemically  unite  with  their  own  or  with  adjoining 
molecules.  Their  passage  through  semi-translucent 
substances,  such  as  flesh,  etc.,  is  attended  by  an  ex- 
penditure of  kinetic  potential,  which  allows  reconstruc- 
tion of  their  particles  either  between  themselves  or 
(with  the  medium,  consequently  molecular  ether  is  set 
free  from  their  induced  fields  (§  29),  and  from  this 
onward  the  Roentgen  rays  are  wave  radiations.  Thus 
the  Roentgen  rays  are  compound.  Starting  as  real 
rays  of  particles,  consisting  of  minute  molecules  of  the 
primary  condensations  of  matter,  and  ending  as  waves 
of  ether,  perhaps  of  the  ultra-violet  variety  but  reduci- 
ble in  frequency.  The  great  dark  unknown  immensity 
of  light  designated  ultra  violet,  in  part  may  be  analo- 
gous to  Roentgen  rays  in  being  constituted  of  real  rays 
followed  by  w^ave  radiations. 

It  has  been  stated  that  with  a  high  electric  potential 
and  great  gas  decrement  the  Roentgen  rays  are  visible 
to  the  eye.  Under  these  conditions  the  molecules  are 
probably  broken  up  to  a  degree  identical  with  the  posi- 
tive primary  condensation,  and  have  a  maximum  kinetic 
potential.     They  are  still  carriers  of  electricity  as  long 
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as  there  are  unsatisfied  units  withiu  their  construc- 
tion, a  satisfaction  only  attained  in  the  ether  molecules. 
They  are  also  capable  of  projection  as  long  as  gravita- 
tion has  power  over  them  (§  39). 

141.  The  visibility  of  the  rays  when  under  great 
potential  may  be  accounted  for  as  follows:  The  par- 
ticles having  large  induced  fields  in  proportion  to  their 
size,  and  having  to  carry  the  polarized  ether  in  their 
induced  fields,  or  create  new  fields — polarize  the  ether 
in  their  path — they  may  take  the  latter  course  as  the 
one  of  the  least  resistance.  This  course  is  favored  by 
the  polarized  ether  in  the  induced  fields  offering  resist- 
ance, and  by  the  immense  kinetic  potential.*  The 
ether  therefore  along  their  path  may  be  alternately 
polarized  and  depolarized,  hence  visible  light  waves. 
This  explanation  also  applies  to  the  cathode  stream. 
However,  if  the  residual  gas,  owing  to  extreme  decre- 
ment and  high  potential,  is  reduced  to  an  extreme 
difiTusibility  at  the  bombarded  spot,  wave  motion  must 
take  place  from  that  point,  hence  visibility. 

142.  The  cathode  rays  are  no  doubt  broken-up  gas 
molecules,  but  there  can  be  no  force  at  the  cathode 
itself  to  effect  the  disintegration  (§  53).  Here  they  are 
merely  electrified,  as  it  requires  two  electric  forces  to 
tear  a  molecule  apart.  The  dissociation  is  either  ef- 
fected by  the  tenuity  of  the  gases  in  the  tube,  or  by 
the  neutralized  positive  and  negative  ether  (§  53). 
The  neutralization  does  not  take  place  in  the  cathode 
stream,  otherwise  its  particles  would  not  be  electrically 
charged.  Part  of  the  stream  issuing  from  the  bom- 
barded spot  may  return  to  the  cathode,  and  thus  the 
cathodal  electrification  follows  as  well  as  precedes  the 
bombardment  in  the  cycle  taking  place  within  the 
tube.     The  illumination  of  the  cathodal  rays  is  the 
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projected  from  the  tube  in  Roeutgen  radiations.  In 
this  case  the  tube  becomes  a  complete  vacuum,  and 
there  being  no  carriers  of  electricity — the  ether  mole- 
cules being  entirely  self-neutralizing — the  circuit  is 
broken. 


Fig.  64. 
showing  absorption  of  Induced  Force  ;  b,  showing  impenetrability  and 
distortion  of  Induced  Force  ^a8»ociated  with  Pig.  17). 

Rays  Analogous  to  the  Roentgen  Ray 


143.  Certain  substances  possess  the  property  of 
emitting  light  in  the  dark.  Uranium,  sulphide  of 
lime,  barium,  calcium,  strontium,  and  other  substances 
glow  in  the  dark  after  being  exposed  to  light. 
H  M,  Henry  discovered  that  phosphorescent  sulphide  of 
^  zinc  gave  out  radiations  that  passed  through  black 
paper  and  affected  the  photographic  plate  M.  Becquerel 
studied  these  radiations  under  all  possible  aspects,  and 
hence  they  have  been  known  as  the  "  Becquerel  rays." 
T%vo  chemically  elementary  substances  have  Ijeen  dis- 
co^ered  through  experimenting  with  these  rays  by 
Madame  Sklodowska-Curie,  and  her  husband,  M.  Pierre 
Curie.  These  substances  have  been  named  polonium 
and  radium. 

Phosphorescent  bodies  emit  light  which  is  visible  to 
the  eye,  and  there  are  also  invisible  radiations,  which 
bear  strong  resemblance  to  the  Roentgen  rays.  More- 
over, the  Becquerel  rays  differ  from  fluorescence,  in  the 
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fact  that  after  stimulation  by  liglit,  the  substances  con- 
tinue indefinitely  to  emit  light.  These  rays  are  deflected 
by  a  magnet;  thej'  carry  electricity  and  they  render  the 
air  an  electric  conductor,  thus  resembling  the  cathode 
rays.  They  are  like  the  Roentgen  rays  in  that  they 
cannot  be  reflected  or  polarized. 

The  radio-activity  of  substances  is  relative.  Uranium 
and  its  salts  hold  the  first  place.  Thorium  strongly 
possesses    the    property.     If,    however,    polonium    and 
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Fig.  65. 

Molecules  splitting  up  ether  into  light-radiations  The  symbol  •  repre- 
sents an  electro-negative  molecule  positively  electrically  charge<l ;  and 
the  symbol  O  an  electro-positive  molecule  charged  negatively.  The 
plus  and  minus  signs  when  combincil  show  light,  and  when  separated 
they  show  electricity.  The  radiant  matter  from  the  negative  pole  (as 
in  the  cathode  rays)  may  travel  in  straight  lines  perpendicularly  to  the 
surface  of  the  radio-active  substance. 


radium  are  established  as  chemically  elementary  sub- 
stances, they  will  lead  all  other  known  substances  in 
their  radiating  power ;  other  substances  supposed  to  be 
elementary  have  been  discovered  by  the  method  termed 
radiation  analysis.  F.  Geisel  has  been  able  to  produce 
the  shadow  of  a  hand  on  a  phosphorescent  screen 
eighteen  inches  distant  from  the  radiant  substance,  and 
metallic  plates  i\  of  an  inch  thick  have  been  pierced. 
The  Becquerel  radiations  will  produce  ozone,  and  they 
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are   probably   capable  of   electrolysis   in  certain   sub- 
stances. 

144,  An  explanation   of    radiant  energy  emanating 
from  various  substances  may  be  given  as  follows  :  Under 
themio-electricit)'  it  was  shown  how  heat  is  absorbed, 
circulates  as  electricity,  and  is  emitted  as  heat  (§  103). 
The  principles  of  thermo-electricity  are  fundamentally 
the    same    as   those    underlying   the    radio-activitj'    of 
certain  substances.     In  Figure  65  there  is  represented 
a  line  of  molecules  which  by  the  action  of  light  are 
polarizing,  being  similar  in  this  respect  to  high  poten- 
tialed  and  delicately  balanced  molecules  of  specialized 
sues  (§   155,  270)  (Fig.  8).     The  exposure  to  light 
o  creates  a  difference  of  potential  in  the  parts  of  the 
substance.     Each  molecule  or  line  of  molecules  assumes 
a  positive  and   negative   pole  with  difTerentiated  polar 
fields;  an  analogous  condition  is  fouud  in  the  tetanized 
nerve.     The  vibrations  of  the  molecules  when  started 
keep  up  a  uniform  rate,  and  the  intermolecular  ether, 
already    polarized    by  the  potential  of  the  ponderable 
molecules,  is  split  up,  and  the  ether-atoms  pass  to  the 
respective  poles  of  the  metal  as  in  an  induced  coil.     The 
particles  of  air  or  other  tiiatter  at  the  poles  are  electri- 
fied by  the  respective  polar  charges,  and  are  immedi- 
ately   repelled    from    their    own    poles    and    attracted 
toward    the   opposite,    thus    completing    the    circuit. 
When  the  charged  particles  meet,  the  charges  neutral- 
ize and  light  waves  are  projected.     There  are  therefore 
two  forms  of  radiant  energy — the  charged  particles  and 
wave   motion.     .Although   exposure  to   light   may  be 
requisite  to  initiate  the  radiant  action,  it  is  afterwards 
kept  up  by  the  vibrating  molecules.     Moreover  it  sup- 
plies its  own  light  which  acts  as  a  polarizing  force. 
Furthermore  this  balance  wheel  of  energy  is  energized 
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every  time  it  is  exposed  to  light,  and  perhaps  by  heat 
waves  when  in  the  dark. 

The  great  essential  to  the  possession  of  the  property 
of  transforming  other  energy  into  light  is  sensitiveness 
to  molecular  and  mass  polarization.  The  ether,  in- 
stead of  passing  through  the  metal  in  the  molecular 
state  as  heat,  is  split  up,  and  the  constituent  atoms 
seek  the  respective  poles  of  the  metal.  The  vibratory 
frequencies  of  the  molecules  of  these  metals  must  be 
great,  as  no  doubt  they  have  the  power  of  converting 
heat  radiations  into  light.  They  must  be  also  the  very^ 
best  conductors  of  electricity.  Each  molecule  of  the 
substance  when  exposed  to  a  radiant  energy  whether  as 
light  or  heat  instantly  polarizes  and  in  so  doing  disso- 
ciates the  ether  of  the  radiations.  In  a  tetanized  nerve 
not  only  the  ether  is  thus  polarized,  but  ponderable 
matter  may  be  also  polarized  as  in  electrolysis  (§  294), 
and  this  shows  that  fundamentally  the  property  is 
general.  The  constituent  of  the  molecule  of  a  radio- 
active substance  must  have  such  a  relative  placement 
that  they  polarize  and  depolarize  with  the  slightest 
intrinsic  disturbance  and  with  the  slightest  extrinsic 
stimulation.  The  potential  of  radio-activity  is  a 
potential  of  placement  of  ultimate  units.  The  radio- 
active molecule  is  more  easily  polarized  than  the 
molecule  of  the  magnet,  but  the  former  must  have  a 
larger  immolecular  neutralization  when  polarized,  and 
consequently  less  polar  potential  (§  69,  70). 

Since  this  chapter  was  written  the  author  has  read  an 
article  by  Professor  J.  J.  Thomson,  on  "bodies  smaller 
than  atoms."*  Thomson  shows  that  the  cathode  rays 
are  made  up  of  atoms  or  ''corpuscles"  1,000  times 
smaller  than  the  hydrogen  atom.     It  will  be  obvious  to 

*  Popular  Science  Monthly  for  Avguit,  tgot. 
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any  one  who  follows  the  reasoning  in  this  work  that 
the  so-called  corpuscles  are  primary  condensations  of 
ponderable  matter  {§  19).  It  is  interesting  to  know 
that  in  a  tenuous  condition  1,000  times  gi'eater  than 
hydrogen  there  are  atoms  which  are  carriers  of  elec- 
tricity, which  means  that  unit  matter  has  not  been 
reached  (§  38).  The  Crookes  tube,  however,  approaches 
a  decrement  in  which  carriers  of  electricity  are  absent. 
If  the  hydrogen  atom  is  i  ,000  times  larger  than  pri- 
marj'  condensations  (§  24)  it  will  have  a  constituency 
equivalent  to  3,000  ether  atoms  {§  19). 

The  cathode  raj's  consist  of  negatively  electrified 
particles  (§  132)  which  are  of  constant  mass  independent 
of  the  kind  of  gas  or  electrode  used.  The  particles  are 
therefore  the  invariable  constituents  of  all  atoms  or  mole- 
cules. The  most  extraordinary  fact  demonstrated  by 
experimentations  made  with  vacuum  tubes  by  Wien 
and  Ewers,  and  with  an  incandescent  wire  by  Thomson, 
is  that  positive  electricit}',  "  instead  of  being  associ- 
ated with  a  constant  mass  1/1,000  of  that  of  the 
hydrogen  atom,  is  found  to  be  always  connected  with  a 
mass  which  is  of  tiie  same  order  as  that  of  an  ordinary 
molecule,  and  which,  moreover,  varies  with  the  nature 
of  the  gas  in  which  the  electrification  is  found.*' 

We  quote  further  from  Thomson's  article  :  *'A  very 
interesting  case  of  the  spontaneous  emission  of  cor- 
puscles is  that  of  the  radio-active  substance  radium, 
discovered  by  M.  and  Madame  Curie.  Radium  gives 
out  negatively  electrified  corpuscles  which  are  deflected 
by  a  magnet.  Becquerel  has  determined  the  ratio  of 
the  mass  to  the  charge  of  the  radium  corpuscles,  aiid 
finds  it  is  the  same  as  for  the  corpuscles  in  the  cathode 
rays.  The  velocity  of  the  radium  corpuscles  is,  how- 
ever, greater  than  any  that  has  hitherto  been  observed 
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for  either  cathode  or  Lenard  rays  :  being,  as  Becquerel 
found,  as  much  as  2x10'°  centimeters  per  second,  or 
two-thirds  the  velocity  of  light.  This  enormous  ve- 
locity explains  why  the  corpuscles  from  radium  are  so 
very  much  more  penetrating  than  the  corpftscles  from 
cathode  or  Lenard  rays;  the  difference  in  this  respect 
is  very  striking,  for  while  the  latter  can  only  penetrate 
solids  when  they  are  beaten  out  into  the  thinnest  films, 
the  corpuscles  from  radium  have  been  found  by  Curie 
to  be  able  to  penetrate  a  piece  of  glass  three  millimeters 
thick." 

These  interesting  phenomena  are  easily  explained 
on  the  basis  of  the  fundamental  principles  already  laid 
down.  It  has  been  shown  that  at  certain  tempera- 
tures oxygen  will  leave  potassium  and  unite  with 
carbon  (§  36).  That  is  to  say,  the  molecule  of  carbon 
dioxide  can  exist  at  a  temperature  in  which  the  atoms 
of  potassium  carbonate  dissociate.  Now  observe  the 
difference  between  the  total  positivity  (the  number  of 
positive  units)  of  potassium  carbonate  and  the  total 
positivity  of  carbon  dioxide.  Is  not  the  negative 
quality  of  an  atom  or  molecule  a  determining  factor  in 
its  maintenance  in  the  gaseous  state? 

It  has  been  pointed  out  that  positive  ether  is  charac- 
terized by  a  concentrativeness  and  negative  ether  by  a 
diffusibility  or  tenuity,  and  the  same  may  be  said  of 
electro-positive  and  electro-negative  chemic  elements 
(§  39).  From  these  and  other  considerations  the  fol- 
lowing law  may  be  enunciated:  That  the  size  of  a 
molecule  in  a  gas  is  directly  proportional  to  its  negativi- 
ties and  inversely  to  its  positivities.  As  positivity  tends 
towards  solidity,  a  molecule  having  the  degree  of  the 
positivity  of  hydrogen  and  the  dimensions  of  oxygen 
assumes  the  solid  state.     Hydrogen  atoms  according 
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to  their  size  should  be  placed  in  the  higher  parts  of  the 
earth's  atmosphere,  but  their  positivities  place  them  at 
the  earth's  surface  and  unites  them  with  the  larger 
sized  oxygen  atoms.  The  molecule  of  oxygen,  O3,  is 
larger  than  the  molecule  of  water,  H^O.  Is  not  the 
positivity  of  hydrogen,  independently  of  its  neutral- 
izing power  (§  32),  a  factor  in  determining  the  fluidity 
ofH,0? 

The  Crookes  tube  is  a  world  by  itself  and  is  free 
from  environing  influences.  The  residual  molecules 
have  to  fill  the  space,  and  they  assume  proportional 
dimensions  according  to  the  above  law.  The  mole- 
cules dissociate  and  reform,  and  the  reconstruction 
embraces  the  constituent  units  of  the  atoms.  They 
assume  a  certain  relative  size  for  molecules  of  positive 
potential  to  a  certain  definite  size  for  those  of  negative 
potential.  The  reconstruction  of  the  new  molecules  is 
not  according  to  the  law  of  aflitiities,  as  the  interspaces 
are  larger  than  the  areas  of  attractions.  The  negative 
units  leave  the  positive  units  as  oxygen  leaves  potas- 
sium at  a  high  temperature  (§36,  §  37),  and  the  recon- 
struction accords  with  new  conditions.  The  diffusibility 
of  negative  units  allows  them  to  maintain  a  relative 
large  molecule,  whilst  the  concentrativeness  of  positive 
units  determines  their  breaking  up  into  smaller  groups 
in  order  to  meet  the  conditions  of  tenuity.  Thus  there 
is  a  very  small  positive  molecule,  whilst  the  new  neg- 
ative combination  is  relatively  large.  In  a  general 
way  the  tube  is  filled  with  molecules  of  two  sizes — 
condensations  of  diff"erent  degrees.  The  relative  sizes 
of  the  molecules  in  a  vacuum  tube  seem  to  conform  to 
the  relative  dimensions  of  oxygen  and  hydrogen  mole- 
cules, modified  by  changed  conditions  of  pressure ; 
the  difference   in   the    relative    sizes   of   positive   and 
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negative  molecules  of  gases  being  increased  as  the 
decrement  is  increased. 

The  minute  positive  condensation  is  electrified  by 
the  negative  electric  current  and  the  larger  negative 
condensation  is  electrified  by  the  positive  electric  cur- 
rent. The  smaller  electrified  body  is  the  one  that 
jumps  the  breach. 

That  certain  metals  give  ofif  minute  atoms  can  be 
explained  as  follows:  The  metal-atom  is  electro-posi- 
tive, that  is,  it  has  a  constituency  largely  composed  of 
positive  units.  Hence  groups  of  units  mainly  positive 
are  torn  off  by  the  negative  current  as  primary  couden- 
satious.  On  the  other  hand,  the  positive  current  can- 
not tear  off  negative  groups  or  negative  condensations, 
because  the  constituent  negative  units  are  held  fast  by 
the  positivity  of  the  metal-molecule.  Under  these 
conditions  the  positive  current  attaches  itself  to  the 
negative  oxygen  of  the  air  (§  6i),  or  the  point  of  neu- 
tralization may  be  at  the  positive  pole,  as  in  a  vacuum 
tube.  Thus  the  negative  current  breaks  off  a  minute 
chip  from  the  metal-molecule  at  the  positive  pole,  and 
carries  it  to  the  negative  pole  of  the  metal,  where  the 
charge  on  the  particle  neutralizes,  and  the  particle 
being  a  sub-condensation  immediately  unites  with  the 
nearest  metal-molecule,  which  passes  it  to  the  next  in 
line,  the  metal  resuming  equilibrium.  Obviously  the 
Becquerel  ray  is  similar  to  the  cathode  ray  in  being  a^ 
minute  positive  particle  charged  negatively,  the  charge 
being  convertible  into  light  waves  on  neutralization. 
Odor  may  depend  on  radiating  chips  from  larger  mole- 
cules which  by  reciprocal  action  are  regained  by  the 
dissociating  molecules.  Molecular  dissociation  in  gen- 
eral is  chipping  molecules,  and  the  hydrogen  molecule 
may  be  designated  as  a  chip. 
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I  suggest  to  experimenters  that  they  try  the  effect  of 
having  the  cathode  of  a  Crookes  tube  composed  of  a 
a  radio-active  substance.     It  is  probable  that  the  metal 
will  furnish  sub-condensations  for  the  tube. 
Radio-activity  has  two  factors  : 

/.  A  delicate  vibratory  balance  of  the  molecule. 
It  is  essential  that  the  molecule  be  finely  adjusted 
to  its  vibratory  space.  Mark  the  difference  in  metals 
as  regards  electric  conduction.  Silver  and  copper 
are  elements  of  small  inductive  potentials  and  small 
induced  fields,  which  evidently  give  them  a  molecu- 
lar equipoise  offering  slight  resistance  to  a  vibratory 
stimulus. 

2.  A  relative  placement  of  ultimate  units  in  the 
molecular  construction  favoring  the  dissociation  of  a 
group  from  the  molecular  positive  pole.  Mark  the 
difference  between  the  amounts  of  the  electrolytic 
force  requisite  to  the  dissociation  of  different  sub- 
stances. Every  time  a  molecule  in  the  optic  nerve 
vibrates  in  response  to  light  there  is  dissociation, 
whilst  other  molecules  resist  the  highest  practicable 
temperature. 

Radio-activity  depends  upon  the  property  of  trans- 
forming energy,  a  property  which  reduced  to  its  funda- 
mental principles  is  common  to  all  matter.  It  is  a 
manifestation  of  force  in  delicate  equilibrium.  The 
vibratory  frequency  of  the  metal-molecule,  the  mi- 
nuteness of  the  dissociated  particle,  and  the  projectile 
energ}'  are  determinating  factors  of  penetrating  power. 
The  projectile  force  depends  upon  (i)  the  inherent  re- 
pulsion of  negative  units  (the  negative  electric  charge) 
as  in  the  cathode  rays;  and  {2)  attraction  between  the 
negative  and  positive  charges.  The  first  may  act 
independently  of  the  second  as  in  the  cathode  rays, 
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hence  the  radiant  energj^  from  the  negative  pole  may 
travel  in  straight  lines  perpendicular  to  the  surface 
of  the  radio-active  substance. 


Sound 

145.  For  the  purpose  of  showing  the  reciprocal  rela- 
tionship, in  vibratory  niotion,  Ijetweeu  ponderable 
molecular  matter,  molecular  ether  and  atomic  ether; 
and  also  for  the  purpose  of  comparing  certain  physio- 
logic phenomena  with  electric  manifestations,  reference 
is  made  here  to  some  of  the  principles  of  sound  vibra- 
tions. 

Physical!}^  sound  is  known  as  a  wave  motion  and 
consists  of  alternating  condensations  and  rarefactions  of 
molecules,  of  gases,  liquids  and  solids — the  conditions 
and  not  the  molecules  being  propagated  (Fig.  66). 
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Fig.  06. 
Alternate  Coiidcusatiou  and  Rarefaction  of  Molecules  as  Sound-waves. 

That  the  motion  of  molecules  will  set  up  vibrations 
in  the  ether  is  proved  b\-  the  sudden  compression  of 
gases  being  accompanied  with  the  emission  of  light  or 
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Fig.  67. 

The  spheres  represent  molecules  of  matter ;  zt ,  molecules  of  ether ; 

-f,  positive  electrification. 

heat.  By  a  study  of  the  formulae  (Figs.  67,  2,  §  7) 
it  will  be  seen  that  no  impulse  can  be  given  to  either 
the    ponderable    or    ether    molecules    without    a    cor- 
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responding  motion  taking  place  in  the  other.  This 
obviously  follows  from  the  impenetrability  of  ultimate 
units. 

146.  The  principles  of  reciprocal  transmutation  of 
motory  influences  apply  more  distinctly  to  the  pon- 
derable molecule  and  atomic  ether,  the  latter  being 
adherent  to  the  former.  It  is  upon  the  principle  of 
motory  reciprocity  that  the  telephone  is  constructed,  a 
description  of  which  is  herewith  given. 


Fig.  68. 
Representation  of  Section  of  Telephone. 

In  Fig.  68  A,  A',  represent  diaphragms  at  transmitter 
and  receiver  ends  of  the  telephone;  b,  b',  bars  of  iron 
around  which  part  of  a  circuit,  c,  c*,  is  coiled,  E  being 
a  battery.  When  a  current  flows,  the  iron  bars  are 
magnetized,  and  surrounding  each  of  these  is  an  induced 
field  of  intense  electrification — ether  polarization  (§  66) 
<Fig.  69). 


Fig.  69. 
Cross-sectional  Area  of  Circuit  with  Induced  Fields  of  Polarized  Ether. 

147.  When  the  diaphragm  vibrates  in  response  to 
the  voice,  the  vibration  is  communicated  to  the  polar- 
ized molecules  in  the  induced  electric  field,  and  thence 
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to  the  magnetized  iron,  and  to  the  molecules  of  the  coil 
encircling  the  iron.  Hence  the  polarized  field  of  ether 
from  its  extreme  elasticitj'^  is  in  a  state  of  oscillation,  as 
well  as  the  atomic  ether  in  this  part  of  the  current. 
The  copper  wire,  the  magnet,  the  air,  and  ether  in  the 
induced  field,  being  polarizable  or  capable  of  assuming 
a  condition  of  stress,  have  properties  favorable  to  the 
interception  and  transmission  of  vibrations  responsive 
to  diaphragmatic  movements. 

The  question  presents:  What  is  the  character  of 
the  transformation  occurring  when  sound  vibrations 
pass  from  a  medium  such  as  air  and  enter  media  such 
as  electric  currents  or  ner\e  conductors  ?  It  is  hardly 
conceivable  that  molecules,  polarizing  and  depolarizing 
as  those  of  a  neurone,  or  of  an  electric  circuit,  would 
be  subject  to  condensations  and  rarefactions  as  in  air  or 
solid  bodies  not  associated  with  electric  potentials.  If 
that  were  the  case  electric  currents  could  be  dispensed 
with  in  the  telephone  and  a  simple  wire  employed.  In 
an  intense  induced  field  created  roiind  a  magnet,  or  in 
a  solenoid,  the  vibrations  are  no  doubt  distortions  of  the 
field,  depending  on  the  elasticity  of  the  polarized  ether, 
and  corresponding  and  responsive  to  the  sound  vibra- 
tions in  the  adjacent  air — whose  molecular  fields  are 
also  distorted  l>y  the  condensations ;  but  within  the  cir- 
cuit or  neurone  the  vibrations  nmst  be  dificreut.  The 
propagation,  by  electric  circuits  and  neurones,  of 
sound-vibrations  received  from  other  media,  may  be 
conceived  as  being  accompanied  b}'  a  transformation 
from  condensations  and  rarefactions  to  accelerations  and 
retardations  of  molecular  polarizations.  Thus  the  con- 
densation-element of  the  sound  wave  will  stimulate  and 
hasten  molecular  vibration;  on  the  other  hand  the  rare- 
faction-element will  inhibit  or  delay  it.     The  accelera- 
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tions  and  inhibitions  in  turn  are  transformable  to 
condensations  and  rarefactions  in  the  proper  medium. 
At  the  receiver  end  of  the  telephone  the  induced  field 
around  the  magnet  responds  to  the  variations  in  the 

■  circuit,  hence  they  are  communicated  to  the  air. 
The  author's  conception  of  the  passage  of  sound 
through  a  permanent  magnet  is  that  the  medium  will 
act  as  one  vibratory  unit,  the  polarized  ether  at  the 
proximate  pole,  through  coutiuuity,  communicating  the 
sound  to  the  polarized  ether  at  the  distal  pole  by  a 
single  vibration.  The  molecules  being  fixed,  the  mag- 
H  net  is  potentially  one  vibratory  element,  and  does  not 
possess  the  property  of  wave  motion  (§  245). 

Conduction  of  sound  by  electric  circuits  is  a  subject 
of  the  utmost  importance  to  electro-physiology,  the 
axis-cylinder  of  nerves  being  polarizable  bodies,  and  the 
telephone  in  many  respects  bearing  resemblance  to  the 
auditory  apparatus. 


CHAPTER  IX 


Crystallization 


148.  When  solidification  takes  place  slowly,  from 
solutions  or  from  fused  substances,  the  resulting  solids 
may  be  in  regular  geometrical  forms  called  cr^'stals. 
The  essential  condition  is  that  the  smallest  particles 
have  free  motion.  In  this  case  the  attractions  and 
repulsions  enable  them  to  arrange  in  symmetrical  order. 
When  solidification  takes  place  heat  escapes  from  the 
substances  solidifying;  and  every  liquid  has  a  definite 
solidifying  or  crystallixiug  degree  of  temperature. 

Crystalline  bodies  are  non-isotropic  in  their  expan- 
sion when  heated.  Thus  Iceland  spar  expands  parallel 
to  its  principal  axis,  but  contracts  at  the  same  time  in 
perpendicular  directions.  Very  often  tM'o  salts  will 
cr^-stallizc  together  in  molecular  proportions,  when  they 
have  only  a  partial  and  sometimes  hardly  anj'  recog- 
nizable miscibility  with  each  other.  Water  unites  in 
molecular  proportions  with  many  substances  to  fonn 
cr\'Stals  ;  and  it  is  then  called  the  tvater  of  crystalliza- 
tion. This  property  is  not  limited  to  water,  as  is  shown 
by  alcohol  of  crystallization,  benzine  of  crystallization, 
etc.  At  certain  temperatures  of  transformation  salts 
containing  water  of  crystallization  are  dehydrated. 

149.  When  a  liquid  is  cooling  molecular  ether  is 
being  emitted.  There  is  thus  an  ether-movement 
throughout  the  whole   body  of  the   liquid  towards  its 


surface,  which  brings  the  molecules  into  sA'mmetrical 
lines.  The  process  is  iu  part  similar  to  tlie  polarization 
of  a  magnet.  However  in  magnetization  (§  67)  the  pol- 
arization of  the  ultimate  units  is  more  complete  and  the 
molecules  have  greater  polar  potentials.  When  cooling 
takes  place  quickly  the  molecules  are  unable  to  arrange 
their  poles  in  a  symmetrical  direction,  and  there  is 
probably  left  more  latent  heat  than  is  consistent  with 
crystallization. 
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Pig.  70. 
Molecnles  in  Solution  at  a  High  Temperatnre. 


Fig.  70  represents  molecules  of  positive  potential  with 
uniformly  induced  polarized  fields.  The  iutermolecular 
space,  outside  of  the  induced  fields,  is  occupied  b}'  free 
molecular  ether  representing  the  potential  of  heat.  As 
the  temperature  of  tlie  liquid  decreases,  the  iutermolec- 
ular ether  is  emitted  from  its  surfaces,  and  the  dimen- 

Fig,  71. 
Molecules  Polarizing  and  Heat  being  Emitted,  Induced  Fields  Omitted. 

sions  of  the  intermolecular  spaces  are  lessened.  As 
the  ether  molecules  travel  toward  the  surface  of  the 
liquid  body  they  pass  through  the  induced  fields  of  the 
ponderable  molecules  aud  consequently  become  polar- 
ized, and  as  they  pass  outward  they  drag  the  ponder- 
able molecules  into  uniform  line,  which  are  also 
polarized. 
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Fig.  71,  shows  the  polarizing  movement,  the  polar- 
ized molecular  fields  being  omitted.  Fig.  72,  shows 
molecules  in  condition  of  crystallization  with  sufficient 
intermolecular  ether  to  allow  light  waves  to  pass 
through.  The  molecules  are  held  in  their  relative  po- 
sition by  their  polar  attractions  and  by  the  forces  of 
their  induced  fields,  which  now  meet,  or  approximate, 
approximation  taking  place  on  account  of  the  decrease 
of  the  intermolecular  ether.  When  a  molecule  is 
polarized,  the  molecular  hemispheres  are  equipotential, 
and  must  have  uniform  polar  directions.  A  crystal- 
lizing molecule  therefore  absorbs  another  molecule 
or  molecules  into  its  construction  in  order  to  round 
out  the  deficient  hemisphere  (§  169).  It  is  clear  that 
the  character  of  the  absorbed  molecules  will  var}'  as  the 
character  of  the  crystallizing  molecules  varies. 
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Fig.  72. 

Molecules  Polarized  (Induced  Fields  Omitted),  'with  a  Residual 

Amount  of  Depolarized  Ether. 

150.  The  essential  accompaniments  of  crj'stallization 
the  (i)  equipotential  and  symmetrical  hemispheres  in 
are  polarizing  molecules,  with  equipotential  and  sym- 
metrical induced  polar  fields  ;  (2)  the  absorption  of  other 
molecules  into  the  molecular  construction  to  enable 
the  hemispheres  to  become  equipotential  when  the 
polarizing  molecule  is  spherically  deficient;  (3)  on  de- 
polarizing the  absorbed  molecule  or  molecules  are  dis- 
sociated— dehydration. 

A  depolarized  molecule  has  a  uniformly  environing 
(except  when  distorted)  iuduced  field  according  to  the 
quality  and  quantity  of  its  inductive  potential  (Fig.  70). 
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A  polarized  molecule,  having  its  poles  differentiated, 
has  differentially  polarized  but  equipoteutial  and  sym- 
metrical polar  induced  fields  (Fig.  73).  During  polar- 
ization the  units  of  force  at  a  pole  of  a  molecule  are 
neutralized  intrinsically  by  the  forces  of  the  other 
hemisphere;  or  extrinsically  in  the  polar  induced  area, 
or  by  the  polar  forces  of  a  proximate  molecule.  The 
neutralization  takes  place  according  to  the  law  of 
forces  (§  i).  It  is  evident  that  during  polarization  the 
forces  at  the  opposing  poles  of  different  molecules  must 
be  quantitatively  equal  in  order  to  allow  complete 
neutralization,  hence  additional  molecules  are  absorbed 
into  the  molecular  construction.  The  distinctive  geo- 
metrical  forms  of  crystals  may  be  accounted   for  by 
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F'g-  73- 
Polarized  Molecules,  Induced  Fields  Approximating. 

supposing  that  the  longitudinal  lines  of  molecules 
being  superimposed  in  tiers,  the  ponderable  bodies  of 
the  molecules  are  adjusted  to  the  induced  fields  of  the 
adjoining  layer.  Thus  the  potentials  of  molecules  de- 
termine the  symmetiical  forms  of  crystals. 

Apparently,  in  some  instances,  crystals  of  a  substance 
having  induced  molecular  potential  may  form  without 
associating  molecules,  but  this  is  only  apparent,  as  the 
substance  may  be  its  own  associating  material.  Thus 
water  alone  forms  crystals,  but  in  doing  so  each  mole- 
cule may  associate  with  another  moleciile,  the  two 
molecules  being  reversely  placed.  Thus  water  crystal- 
lizes with  one  molecule  of  the  water  of  crystallization. 
The   principle  of  reverse  placement   of  the   coustitu- 
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ents  of  a  crystallized  molecule  is  important  in  judging 
of  the  adaptability  of  associating  material  to  its  archi- 
tectural placement  in  the  molecular  structure. 

This  subject  has  been,  considered  here  because  the 
author  believes  that  crystallization  is  the  great  physical 
analogue  of  physiologic  action^  the  physical  and  physi- 
ological phenomena  having  the  principle  of  molecular 
polarization  as  a  common  basis.  The  physiological 
facts  present  wonderful  analogies  to  their  physical  pro- 
totypes, and  the  diflferentiations  are  clearly  marked  as 
belonging  to  environing  conditions. 

•In  articles  entitled  "From  Ether  to  the  Physiologic  Unit,"  read  be- 
fore the  Medical  Society  of  the  State  of  California,  April  17th,  1902.  and 
published  in  the  Occidental  Medical  Times,  San  Francisco,  September, 
1902;  and  "The  Physiologic  Unit,"  published  in  the  Pacific  Medical 
Journal,  August,  1902,  the  author  advanced  the  theorem  that  crystalliza- 
tion is  the  great  physical  analogue,  of  physiologic  action,  and  presented 
supporting  facts. 
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CHAPTER  X 


Properties  of  Living  Matter 


51.  The  following  properties  are  possessed  by  so- 
called  living  matter: 

•  Contractility.  By  this  is  meant  the  power  of  a  sub- 
stance to  move  and  change  its  form  by  an  intrinsic 
potential,  in  response  to  initiatory  and  external  influ- 
ence. 

Irritability.  A  substance  is  said  to  have  irritability 
when,  in  response  to  an  irritant,  chemic  or  physical 
changes  take  place,  which  are  quantitatively  greater 
than  the  value  of  the  irritant.  An  irritant  may  be 
mechanic,  chemic,  thermal,  electric,  or  physiologic. 

Conductivity.  When  a  portion  of  a  substance  is  irri- 
tated and  the  substance  is  capable  of  conducting  the 
irritation  throughout  its  structural  continuity,  it  is 
said  to  have  the  property  of  conductivity. 

Elasticity.  Elasticity  is  the  property  of  a  body  which 
enables  it  to  recover  its  form  when  the  force  which 
altered  it  ceases  to  act. 

Distortion.  When  a  body  alters  its  shape  under 
pressure  it  is  said  to  be  distorted. 
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152.  The  conceptiou  that  living  matter  possesses 
certain  distinctive  properties  implies  that  there  is  a 
fundamental  difference  between  living  and  other  matter. 
This  is  misleading.  All  matter,  whether  living  or 
dead,  organic  or  inorganic,  can  be  reduced  by  analysis 
to  chemically  elementary  substances,  and  it  is  probable 
that  the  chemic  elements  may  be  dissociated  and  the 
ultimate  ether  reached.  It  follows  that  all  properties 
possessed  by  matter,  however  complex  in  character, 
when  analyzed,  are  composed  of  the  simple  properties 
of  the  ultimate  units — ether-atoms  or  their  qualitative 
values — which  are  attraction  and  repulsion. 

The  distinctive  properties  of  living  organic  sub- 
stances will  be  found  to  depend  on  the  potential  of  the 
molecule,  and  on  environing  conditions  which  allow  the 
potential  to  be  maintained,  and  at  the  same  time  do  not 
disturb  the  exercise  of  its  properties. 

153.  Ether  Changes.  All  chemical  action  is  accom- 
panied by  changes  in  the  ether  conditions  of  the  mole- 
cules readjusted;  a  change  in  the  molecular  inductive 
potentials  indicates  a  change  in  the  amount  of  ether  in 
the  molecular  induced  fields.  If  the  potential  that 
causes  the  action  is  resident  ivithin  the  molecules — 
chemical  affinit\- — ether  is  eliminated  if  the  physical 
condition  be  not  altered;  if  the  potential  is  an  outside 
force — heat,  electricity,  etc. — ether  is  absorbed  into  the 
molecular  induced  fields. 

When  there  are  changes  in  the  physical  state  of 
matter  from  solid  to  liquid,  or  fromlliquid  to  gas,  ether 
is  absorbed,  becoming  iutermolecular;  if  the  reverse 
changes  occur,  ether  is  set  free,  manifesting  itself  as 
heat  or  as  electricity.  These  changes  may  happen  sep- 
arately or  conjointly,  and  they  may  assist  or  annul 
each  other  in  the  absorption   or  elimination  of  ether. 
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When  ether  is  absorbed  it  becomes  intermolecular,  or 
under  favorable  conditions  is  separated  into  atoms  and 
forms  an  electric  charge  or  current  (§  43).  If  elim- 
inated it  may  manifest  itself  as  heat  {§  41 — 43);  and 
again,  if  conditions  are  favorable,  it  may  become  atomic 
and  an  electric  charge  or  current  is  effected.  Further- 
more, by  electrolysis  ions  may  be  formedland  polarized 
at  the  terminals  of  neurones.  They  have  an  increased 
inductive  capacity,  consequently  there  is  absorption  of 
€ther.  Throughout  the  processes  of  digestion  and 
assimilation  ether  is  absorbed  or  emitted  by  the  molec- 
ular changes,  according  to  whether  they  are  anabolic 
or  katabolic.  In  the  animal  tissues  the  organic  mole- 
cule has  reached  its  highest  point  oi poienlial^  from  this 
onward  it  splits  up  and  ether  is  freed,  or  the  molecules 
may  retain  their  potentials  in  the  physical  chauges 
from  solid  to  liquid,  or  liquid  to  gas. 

In  such  a  complex  body  as  an  animal  organism, 
where  in  every  cell  and  fiber  of  the  system  chemical 
change  is  constantly  taking  place  in  the  building  up 
and  breaking  down,  ether  changes  are  correspond- 
ingly produced.  In  the  disintegrating  process  ether 
is  evolved  as  heat  and  the  temperature  maintained. 
Furthermore,  certain  tissues  of  the  animal  organiza- 
tion are  so  constituted  that  at  the  point  of  eliiniuation 
the  ether  atoms  are  kept  apart,  and  being  conducted 
along  the  channels  offering  least  resistance  they 
form  eUctrical  currents^  or  charges  in  polarized  tissues^ 
and  these  induce  other  charges  or  currents.  Thus  the 
body  currents  may  be  likened  to  wind  currents  on  the 
earth's  surface.  How  these  conductors  are  charged 
and  discharged,  polarized  and  depolarized ;  how  they 
are  grouped,  linked  to  and  separated  from  one  another; 
how  they  are  brought  under  control  of  the  main  nerve 


centers,  and  how  they  assist  in  performing  the  varied 
physiological  functions  in  which  they  take  part,  have 
not  been  completely  demonstrated. 

154.  Potential^  Polarization^  and  Induced  Field.  To 
understand  clearly  the  functions  of  living  matter,  it  is 
essential  that  the  fundamental  principles,  upon  which 
physiologic  action  is  based,  should  be  known.  Molec- 
ular potential,  molecular  polarization,  and  the  molecular 
induced,  magnetic,  or  electric  field  (§  29,  §  67),  have  been 
shown  to  be  properties  of  matter,  associated  with,  if  not 
necessary  to  chemic,  physical  and  electric  action.  The 
author  believes  that  these  principles  are  of  equal  im- 
portance in  the  production  of  physiologic  phenomena. 

155.  Potential.  All  molecules  have  an  inherent  po- 
tential of  attraction  and  repulsion,  excepting  only  the 
molecule  ofether  (§  19,  §  24).  Potential,  however,  varies 
according  to  the  character  of  the  opposing  or  neutral- 
izing force  (§  27).  Ponderable  matter  varies  in  poten- 
tial from  that  of  the  stable  compound  that  cannot  be 
broken  up  by  known  chemic  means,  to  that  of  a  mole- 
cule iu  living  organisms  having  many  hundreds  or 
thousands  of  chemic  atoms,  and  trillions  of  units  of 
positivities  and  negativiries(§  iS). 

Nuclein  may  be  considered  as  a  representative  of 
molecular  living  matter.  It  is  formulated  thus: 
CwHiaNfl  P3  On-  This  molecule  consists  of  112  chemic 
atoms  of  positive  and  negative  character,  hydrogen 
being  positive  (§  36)>  nitrogen,  phosphorus  and  oxy- 
gen being  negative,  and  carbon  equatorial  or  slightly 
positive.  According  to  the  estimate  of  the  author,  the 
majority  of  the  ether-units  in  the  construction  of  the 
atoms  of  such  a  molecule  are  positive  in  character, 
there  being  about  the  same  ratio  of  positive  and  nega- 
tive units  as  possessed  by  the  molecule  of  water  (§  36). 
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The  number  and  character  of  the  chemic  atoms  give 
the  molecule  a  positive  inductive  potential,  and  a  po- 
tential of  concentrativeness  (§  27).     It  is  probable  that 
nuclein  is  the  base  or  part  of  the  base  of  a  cell-unit, 
and  is  capable  of  being  built  up  to  a  negative  potential 
by    an   association  of  the  ions  carbon,   hydrogen  and 
oxygen  (§  160,  §  177)-     It  may  be  considered  as  repre- 
sentative   of  a    class   of    potential-carriers :     Loading 
oxygen   in  the  luug ;  unloading  it  in  the  tissues ;   and 
reloading    carbon    dioxide,   which   is   delivered  at  the 
primary  port.     This  class  of  oxygen-carriers  is  made 
up  of  elements  which  are  potential-lenders  to  nutritive 
molecules,  the  latter  carrying  insufficient  oxygen  for 
complete   combustion.      A    proteid    from    hemoglobin 
taken   from  a   dog   has   been   formulated  as    follows : 
H  CrjG  Hiin  Nj&«  Oju  S3.     Such  a   molecule  is  capable  of 
H  carrying  within  its  induced  field  500  molecules  of  oxy- 
H  gen  or  about  an  equal  number  of  carbon  dioxide,  if  its 
inductive  capacity  is  not  disturbed  by  the  presence  of 
other  material.     Molecular  inductive  potential  has  been 
defined  as  the  difference  between  the  sum  of  tlie  posi- 
tivities  and  the  sum  of  the  negativities  in  the  construc- 
tion of  the  molecule,  and  this  potential  is  represented 
H  in  a  surrounding  induced  field,  and  is  equivalent  to  the 
active  chemic  potential.     Inductive  potential  is  quantita- 
tive and  qualitative — large  or  small,  positive  or  negative. 
When  compared  with  the  glucose  molecules,  CbHi^Oc, 
nuclein  has  relatively  less,  although  specifically  more 
inductive,  accompanied  with  larger  conceutrative  poten- 
tial, hence  it  is  a  more  stable  molecule  because  more 
evenly  balanced  in  its  positivities  and  negativities,  and 
will  resist  dissociation  by  oxygen  at  a  temperature  at 
which  glucose  will  dissociate.     The  glucose  molecule 
has  an  inductive  potential  apparently  equal  to  that  of 
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four  to  five  molecules  of  oxygen ;  the  nuclein  molecule 
may  be  equivalent  to  ten  to  twelve  molecules  of  oxj'gen 
in  inductive  potential;  and  these  values  represent  the 
relative  capacities  of  the  substances  as  potential-carriers. 
Glucose,  however,  -at  the  temperature  of  the  tissues  is 
subject  to  combustion,  while  nuclein  by  its  stable 
character  resists  combustion  at  normal  temperatures. 

156.  Polarization.  By  polarization  of  molecules  is 
meant  that  all  their  poles  of  a  kind  point  in  one  direc- 
tion. It  is  evident  that  a  body  having  its  molecules 
polarized  will  itself  have  poles,  and  that  if  such  a  body 
be  a  unit  of  a  larger  body,  the  latter  also  will  have 
poles.  The  molecules,  the  unit  bodies,  and  the  larger 
body  will  have  poles  uniformly'  directed.  When  a 
molecule  polarizes  it  assumes  a  spherical  form  with 
equipotential  hemispheres.  If  the  relative  number  of 
the  molecule's  constructive  negativities  and  positivities 
prohibit  the  hemispheres  from  becoming  equipotential 
on  polarizing,  it  either  imbibes  molecules  of  polariza- 
tion, as  in  the  case  of  crystallization,  etc.  (§  T49).  or  it 
extrudes  molecules  of  polarization,  as  in  the  case  of 
segmentation,  etc.  The  former  may  be  called  associ- 
ated molecules  of  polarization  and  the  latter  dissociated 
molecules  of  polarization.  The  associated  molecules 
when  given  oflf  may  be  termed  dissociated  molecules  of 
depolarization.  It  is  evident  that  a  histological  ele- 
ment composed  of  polarizable  units  will  be  governed 
by  the  same  laws  as  the  polarization  of  molecules. 
Furthermore,  larger  bodies  composed  of  such  histo- 
logical elements  will  be  governed  by  the  same  laws, 
modified  by  such  conditions  as  their  structural  forms 
demand. 

157.  Induced  Field.     Under  Induction  the  induced 
electric,  or  magnetic  potential  has  been  explained  (§  29, 
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§  66,  §  67).  Two  facts  iu  connection  with  an  induced 
field  are  particularly  emphasized :  First,  that  molecules 
cotning  "miihin  the  induced  sphere  are  polarized^  or  have 
their  inductive  potentials  neutralized  by  the  primary 
potential;  and,  second,  that  polarization  of  a  molecule 
is  a  step  towards  dissociation  of  its  atoms^  Therefore 
polarization  within  the  induced  field  is  a  potential 
which  enables  certain  chemic  combinations  to  be  con- 
summated which  otherwise  could  not  occur. 
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Fig.  74- 

k.  Positively  electrified  body  with  induced  field ;  electro-positive  mole- 
cule o(  ponderable  matter  with  its  free  or  vibratory  space  ;  a  molecule 
of  strychnia  ;  an  organic  molecule  sncb  as  nucleia  ;  the  aperm-centro- 
some.  B.  Negatively  electrified  Ixxly  with  induced  field;  electro-nega- 
tive molecule  of  ponderable  matter  with  its  free  or  vibratory  space ; 
,a  nucleolus  with  its  induced  field — the  nucleus;  the  anisotropic  sub- 
'  atance  with  its  induced  field — the  isotropic  substauce  ;  a  molecule  of 
chloroform  ;  the  germ-nucleolus.  As  represented  on  the  inner  spherea 
of  the  figures  the  potentials  when  electric  consist  of  ether  units  placed 
on  insulated  bodies  ;  the  potentials  when  molecular  consist  of  partially 
free  ether  units  in  the  molecular  construction.  The  plus  and  minus 
signs  of  the  outer  apberes,  or  induced  fields,  show  polari/atioa  of 
pK>uderablc  or  ether  molecules.  The  polarization  can  be  demonstrated 
in  the  induced  fields  of  electric  potentials. 

The  induced  fields  of  molecules  play  an  important 
part  in  physiologic  action.  It  will  be  seen  that  the 
action  of  enzymes  and  of  certain  medicinal  agents,  as 
well  as  the  phenomena  of  karyokinesis,  are  only  ex- 
plainable on  the  assumption  of  their  existence.  Tlie 
induction  in  the  field  of  a  molecule  varies  with  the  poten- 
tial of  the  molecule  (§  65,  §  67,  §  82). 
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158.  C hemic  Laws.  A  law  of  the  greatest  importance 
in  tissue  metamorphosis  may  be  formulated  as  follows : 
Molecules  lend  to  reconstruct  under  a  lower  potential. 
That  is  to  say,  molecules  tend  to  break  up  and  reform 
under  simpler  forms  with  less  chemic  potential,  energy 
being  evolved  equal  to  the  difference  of  the  potential  of 
the  old  and  the  new  molecules.  The  atoms  in  the 
newly  constructed  molecules  are  exactly  the  same  as 
the  atoms  in  the  disintegrated  molecules,  but  their 
attractions  have  been  more  fully  ueutralized,  therefore 
they  have  less  potential,  and  less  induced  potential  in 
their  iields — less  ether  polarized  in  the  fields.  It  is 
from  the  induced  field  that  energy — polarized  ether — 
is  set  free  (§  42).  This  law  explains  certain  katabolic 
changes. 

Another  law  of  equal  importance  with  the  above  is 
that  energy  seeks  the  course  of  least  resistance.  Thus 
ether  as  energy,  set  free  under  certain  conditions,  will 
diffuse  as  heat,  which  means  that  it  enlarges  the  inter- 
molecular  spaces  until  an  equilibrium  between  ponder- 
able matter  and  ether  is  attained.  But  suppose  that 
there  is  great  resistance  to  its  diffustbility.  Then  it 
must  alter  local  conditions  and  find  room  for  occu- 
pancy. By  converting  a  greater  number  of  molecules 
into  a  less  number  with  increased  total  inductive 
potential,  the  ether  is  polarized  in  the  molecular  in- 
duced fields  (§  22).  In  the  polarized  state  ether  occu- 
pies less  space,  and  thus  energy  is  stored,  and  space  is 
economized  (§  22).  In  the  rearrangement  the  mole- 
cules have  more  pronounced  positive  or  negative 
potentials. 

Again,  suppose  that  in  organized  tissue  offering 
great  resistance  to  the  diffusibility  of  heat,  and  also 
having  an  unyielding  rigidity,  there  are  set  free  by 
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nerve  action  certain  ions  from  molecules  of  high  poten- 
tial. These  ions  have  a  tendency  to  form  simple 
compounds,  but  by  doing  this  they  set  free  energy  the 
radiation  of  which  the  conditions  of  pressure  resist, 
in  this  case  certain  ions  with  their  potentials  are 
forced  into  the  construction  of  other  molecules  (§  209). 
It  is  obvious  that,  under  the  conditions  mentioned, 
anabolism  results. 

159.  Molecular  Equilibrium.  The  equilibrium  of 
matter  and  force  in  relation  to  space  has  already  been 
referred  to  (§  24,  §  20,  §  22).  Molecules  according  to 
their  inductive  potential  are  surrounded  by  induced 
fields,  and  the  whole  has  a  definite  spacial  relationship, 
maintained  by  the  molecular  potential  and  modified  by 
extrinsic  pressure  and  temperature.  A  molecule  of 
large  dimensions,  of  large  inductive  potential,  and  cor- 
responding induced  field,  will  have  within  its  field 
molecules  of  opposite  potential.  There  is  an  attraction 
between  these  similar  to  cliemic  affinity,  but  reactions 
zuill  not  take  place  if  the  sequent  energy  is  resisted  by  a 
greater  extrinsic  force.  Chemic  reaction  between  the 
molecule  and  the  material  in  its  induced  fields  would 
disturb  the  molecular  spacial  equilibrium.  Manifesta- 
tions of  readjustment  of  molecular  equilibrium  are 
seen  in  a  vacuum  tube  (§  135 — 13S),  in  the  retort  (§  39), 
in  plant  anabolism  (§  203),  in  a  compressed  gas  when 
heat  is  applied  (§  22),  and  in  the  galvanic  cell  (§  41). 
From  these  it  is  seen  that  the  molecular  equilibrium 
has  the  following  factors :  The  potentials  of  the  mole- 
cule; its  induced  field;  temperature  and  extrinsic 
pressure;  and  it  is  obvious  that  a  readjustment  results 
from  a  modification  of  any  of  these  factors. 

If  by  extrinsic  pressure  there  is  forced  into  a  molecu- 
lar space  another  molecule  of  perhaps  smaller  dimen- 
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sions  but  of  similar  quality  as  the  principal  molecule, 
these  molecules  will  unite  in  order  to  maintain  the 
molecular  spacial  equilibriuni.  The  smaller  molecule 
will  pass  by  material  of  opposite  quality,  if  present  in 
the  induced  field  of  the  larger  molecule,  because  by 
chemically  uniting  with  such  there  would  be  set  free 
energy  the  radiation  of  which  would  be  resisted  by  the 
extrinsic  force.  This  form  of  anabolism  is  shown  in 
the  conversion  of  a  molecule  of  starch  into  a  molecule 
of  sugar  by  the  addition  of  a  molecule  of  water,  both  of 
which  are  positive  in  quality;  and  by  the  addition  of  a 
nutritional  molecule,  H/CO,,  to  the  physiologic  unit, 
both  of  which  are  negative  in  quality.  Fundamentally 
these  forms  of  anabolism  are  the  same.  The  processes 
represented  by  sugar,  starch,  etc.,  may  be  considered 
as  representing  vegetable  anabolism,  and  is  positive  in 
the  character  of  its  potential ;  on  the  other  hand,  that 
which  takes  place  in  the  animal  cell  or  unit  is  negative 
in  quality ;  the  one  is  the  coefficient  of  the  other  in  a 
grand  equilibrium. 

A  large  number  of  physiologic  facts  has  been  hith- 
erto incapable  of  satisfactorj^  explanation.  The  author 
believes  that  a  very  large  majority  of  phj^siologic  prob* 
lems  will  be  satisfactorily  solved  with  the  aid  of  the 
simple  principles  above  enunciated.  Obviously  a  clear 
understanding  of  their  import  is  imperative, 

The  Molecular  Concept  of  the  Physiologic  Unit.  As 
molecules  vary  in  the  amount  of  ponderable  matter, 
and  as  they  have  impenetrable  constituent  units,  they 
must  vary  in  dimensions.  The  molecule  of  HaSOj 
must  have  greater  dimensions  than  those  of  H2  and  Oa, 
the  constituents  of  the  latter  being  represented  in  the 
construction  of  the  former.  The  hydrogen  molecule 
when  broken  up  by  decrement  of  pressure  has  as  a 
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resultant  a  molecule  1,000  times  smaller.  This  prob- 
ably approaches  the  limit  of  dissociation.  What  is  the 
limit  of  association  ?  As  dissociation  rests  on  decrement 
of  pressure,  so  association  must  rest  on  increase  of 
pressure;  although  the  qualities  of  positivity  and  neg- 
ativity are  also  important  factors  in  the  differential 
dimensions.  Under  certain  degrees  of  pressure  and 
ether-energy — heat — molecules  may  be  built  up  to  an 
indefinite  maximum  number  of  chemic  atoms,  each 
atom  being  a  group  of  units  which,  as  a  group,  has  no 
distinct  entity  in  the  molecular  construction,  the  im- 
niolecular  units  being  in  absolute  contact,  and  more  or 
less  mutually  neutralized.  Thus,  physiologists  have 
estimated  that  some  molecules  contain  2,000  chemic 
atoms.  It  is  clear  that  the  limit  to  the  size  of  the 
molecule  is  indefinite,  depending  on  the  equilibrium  of 
matter,  and  it  is  possible  that  under  physiologic  condi- 
tions a  molecule  may  exist  which  can  be  seen  and 
examined  by  means  of  the  microscope,  or  even  handled 
as  an  ordinary  mass. 

Bearing  in  mind  that  a  molecule  is  the  physical  unit; 
that  it  is  composed  of  an  indefinite  number  of  ether- 
units,  and  varies  in  the  relative  proportions  of  positivi- 
ties  and  negativities;  that  its  potential  is  represented  by 
induction  in  an  environing  polarized  field;  that  it  has 
the  property  of  assuming  differential  poles ;  and  that 
within  its  construction  there  are  no  units,  or  groups  of 
units — chemic  atoms — which  can  be  characterized  as  a 
molecule  or  sub-molecule,  then,  the  concept  that  the 
physiologic  unit  is  a  molecule  can  be  formulated. 

That  the  nucleoli  and  centrosomata(§  242)  of  animal 
cells,  the  anisotropic  substance  of  muscles,  the  anal- 
ogous unit  in  conducting  nerve  tissue,  and  various 
unit-bodies  within   the  nuclei  and  cytoplasm  of  cells, 
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are  molecules  of  inductive  negative  potential,  having 
all  the  properties  of  the  phj'sical  unit,  is  readily  con- 
ceivable when  the  above  definition  of  a  molecule  is 
accepted. 

If  it  can  be  shown  that  the  physiologic  unit  is  sur- 
rounded by  an  induced  field,  the  molecular  condition  of 
the  unit  is  proven.  Under  ordinary  conditions  of 
pressure  and  temperature  a  mass,  being  composed  of 
molecules,  has  no  pronounced  induced  field,  as  the  in- 
ductive potential  of  each  molecule  is  represented  in  its 
own  induced  field  (§  43,  §  159,  §  245).  It  follows  that 
a  mass  is  a  body  composed  of  molecules,  but  it  is  pos- 
sible that  there  are  molecules  which  are  larger  than 
some  masses. 

In  the  induced  field  of  small  molecules  ether  is  the 
polarized  element,  as  no  other  is  so  raolecularly  minute 
as  to  be  capable  of  filling  the  intermolecular  spaces. 
In  the  induced  fields  of  large  molecules,  and  in  those 
of  electrically  charged  masses,  ponderable  molecules 
are  polarized.  Consequently  there  are  found  in  the 
induced  field — the  isotropic  substance — of  the  aniso- 
tropic molecule  of  the  muscle,  and  iu  the  induced  fields 
— nuclei — of  all  nucleoli,  molecules  of  ponderable  mat- 
ter, which  are  polarized,  or  whose  potentials  are  neu- 
tralized, by  the  inductive  potential  of  the  primary  force 
resident  iu  these  bodies.  Furthermore,  molecules 
within  induced  fields  have  their  own  induced  fields 
within  which  smaller  molecules  are  polarized,  or  po- 
tentially neutralized  by  the  larger  molecule,  and  this 
order  progresses  until  ether  is  the  only  element  inter- 
molecularly  placed  (§  243}. 

The  intimate  workings  of  the  animal  cell  can  only 
be  understood  by  bearing  in  mind  that  there  is  a 
mutual  repulsion  between  negative  potentials,  and  an 
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attraction  between  negative  and  positive  potentials 
(§  29,  Fig.  5),  and  that  sensitive  movable  particles  im- 
bedded in  semi-fluid  plasma  will  manifest  properties 
depending  upon  the  laws  of  attraction  and  repulsion, 
without  reciprocal  dissociation.  When  ponderable 
molecules  are  small  the  intermolecular  spaces  are  filled 
with  ether.  Larger  molecules  have  within  their  fields 
ponderable  matter  in  the  main  of  opposite  quality. 
Hence  negative  units  have  an  alkaline  serum,  and 
within  the  serum  positive  molecules  carry  negative 
^matter.  Hence  any  negative  molecule  may  be  a  car- 
rier of  positive  matter,  as  the  alkalies;  and  any  positive 
molecule  may  carry  negative  matter,  such  as  oxygen, 
without  cliemic  union  or  chemic  disturbance.  Accord. 
ing  to  the  laws  of  attraction  and  repulsion,  each  nega- 
tive potential  has  a  tendency  to  surround  itself  with 
elements  of  positive  potential  (the  converse  being  also 
true),  consequeutly  tliere  are  negative  ph3'siologic  uuits 
surrounded  by  positive  plasma,  and  consequently  there 
are  manifested  evidences  of  negative  bodies  mutually 
repelling.  The  attraction  referred  to,  between  the  pos- 
itive and  negative  bodies  or  molecules,  is  the  same  in 
kind  as  chemic  affinity,  differing  only  in  degree — an 
attraction  which  brings  the  bodies  iu  proximation  with- 
|oui  reciprocal  interchange  of  atoms  (chemotropism). 
Important  factors  in  the  prevention  of  chemic  reac- 
tions taking  place  between  these  elements  of  opposite 
quality  are  resistance  to  the  radiation  of  heat  which 
results  from  their  union,  and  the  degrees  of  temper- 
ature. 

Molecules  as  potential  carriers  may  be  divided  into 
two  great  classes  :  (i)  Molecules  raised  in  potential  by 
adding  other  molecules  of  the  same  quality  (ions),  the 
union  being  chemically  synthetic,  and  accomplished 
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by  extrinsic  pressure;  the  potential  elements  being 
tinloaded  at  a  distant  part  of  the  body ;  (2)  molecules 
which  attract  to  their  induced  fields  smaller  molecules 
of  opposite  quality,  no  reciprocal  chemical  action  then 
taking  place;  but  at  a  distant  point  and  under  different 
conditions  chemical  reactions  between  the  potential 
carriers  and  the  molecular  elements  of  the  induced 
fields  occur.  The  first  class  exemplifies  the  function 
of  the  thyroid  and  other  glands,  and  the  latter  the 
absorption  of  ox^'gen  in  the  lung.  Clearly  the  latter 
class  of  molecules  contains  all  the  essential  elements  of 
combustion,  although  for  complete  combustion  poten- 
tial-tenders are  essential.  Like  the  elements  in  an 
electric  cell,  they  need  only  lessened  extrinsic  resist- 
ance or  a  slight  rise  of  temperature  (heat  of  dissocia- 
tion) to  chemically  react  and  to  emit  energy  (§  41.) 

The  potential  of  nucleoli  and  of  most  physiologic 
units  is  of  negative  quality.  The  fact  of  the  stimulated 
or  leading  off  point  of  a  muscle  becoming  negative  is 
only  explainable  on  the  hypothesis  of  the  stimulated 
imit  turning  its  positive  pole  towards  a  negative  mass 
(§  1S6 — 190);  the  experimeut  by  Lott  (§  237)  proves 
that  the  spermatozoon  seeks  the  electric  positive  pole 
when  not  electrically  charged,  thus  showing  its  mass 
to  be  electro-negative;  and  with  the  hypothesis  that 
nerve  tissue  is  negative  electro-neural  facts  are  con- 
sistcut. 

The  molecular  conception  of  the  physiologic  unit 
renders  possible  the  explanation  of  muscular,  neural, 
gland-cell  and  electric  cell  action.  The  details  of  the 
phenomena  of  fecundation,  cell-division,  cell-move- 
ments, and  osmosis  fully  accord  with  the  lundamental 
properties  of  the  molecule  and  physiologic  unit  as  de- 
fined in  this  work.     It  may  be  practically  impossible 
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to  ascertain  the  exact  cbeniistry  of  the  unit.  However, 
H  it  may  be!  assumed  that  it  is  composed  of  hydrogen, 
carbon,  phosphorus,  nitrogen  and  oxygen.  Sulphur  is 
probably  au  element  of  the  insulating  tissues.  The 
conception  of  the  unit  being  molecular  enables  us  to 
formulate  the  following  law  :  That  the  physiologic  unit 
at  rest  is  in  the  electric  state^  with  a  uniform  induced 
field ;  and  that  in  action  it  is  in  the  magnetic  state,  with 
differentiated  polesy  and  differentiated  induced  polar 
fields  (Figs,  i,  75). 

y 

^M      The   evidence   is  conclusive  that   function   is   based 
!^  upon  the   polarization  of  physiologic  units,  and  that 
these  units  are  molecular.     The  initiatory  unit  polar- 
izes with  the  positive  pole  towards  the  negative  mass 
of  the  structure,  and  gives  a  negative  leading  off  point 
to  the  functional  wave.     These  facts  and  conclusions 
^^  furnish  a  key  to  the  solution  of  the  problems  of  stimu- 
^P  lation  or  inhibition  of  nerve  conductivity  by  initiatory 
excitants.     Electric  and  chemic  influence  on  the  func- 
tional activity  of  physiologic  units,  in  general,  is  formu- 
lated thus  : 

/.  Stimulation  : 

(i)  Physiologic  units  are  stimulated  to  a  normal 
polarization  by  kinetic  negative  potentials,  as  man- 
ifested by  kathodal  applications  of  electric  cur- 
rents. 


Fig.  75 

Physiologic  Units  at  Rest  and  in  Action.     The  Units  at  Rest 
are  shown  as  being  Laterally  Compressed. 
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(2)  They  are  stimulated  to  a  normal  polariza- 
tion by  static  positive  potentials,  electric  orcliemic: 
a.  By  the  positive  charge  from  a  static  machine 
(§  313).  b.  By  alkaline  solutions  as  shown  by 
tlieir  action  on  spermatozoa  (§  237). 
2.   Inhibitiou  : 

(r)  Physiologic  units  are  inhibited  by  kinetic 
positive  potentials,  as  manifested  by  anodal  appli- 
cations of  electric  currents. 

(2)  They  are  inhibited  by  static  negative  poten- 
tials, electric  or  chemic  :  a.  By  tlie  negative 
charge  of  a  static  machine,  b.  By  acid  solutions, 
as  shown  by  their  actinn  on  spermatozoa. 
Definition.  In  this  work  the  term  physiologic  unit  is 
applied  to  unit-bodies  (considered  molecular)  engaged 
in  functional  activities.  Thus  nucleoli  and  centro?om- 
ata,  the  chromosome  units  or  molecules  of  nuclei  and 
similar  protoplasuiic  bodies  in  c3'toplasni,  the  anisotropic 
substance  of  muscles  and  an  analogous  nerve-unit,  are 
referred  to  as  physiologic  units  or  physiologic  mole- 
cules, or  muscle,  nerve,  or  gland-cell  units  or  molecules; 
each  beiug  regarded  as  the  seat  of  functional  potential, 
as  consisting  of  one  molecule  and  as  having  the  com- 
mon property  of  polarization  the  fundamental  principle 
of  function.  Theevidence  that  the  aiiisotropic  substance 
and  centrosome  are  molecules  is  clearly  conclusive, 
associated  facts  of  muscular  action  and  those  of  cell- 
segmentation  supporting  the  molecular  conception. 
Experimental  facts  connected  with  nerve,  glaud  and 
other  functions  point  to  there  being  a  common  funda- 
mental basis  for  all  functions.  Thus  if  the  molecular 
character  of  a  unit  engaged  in  a  special  function  is 
proved  it  should  lead  to  a  general  acceptation  of  all 
physiologic    units    beiug    molecular ;    and    this    more 
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readily  must  obtain  iu  as  much  as  ph5'siologic  facts 
are  in  no  way  contradictory  to,  but,  on  the  other  hand, 
are  supporters  of,  and  are  explainable  by  the  general 
application  of  the  concept.  In  addition,  that  the  con- 
ception of  the  character  of  the  molecule  is  physical  in 
origin,  and  supported  iu  general  by  physical  facts,  are 
strong  evidences  of  its  physiologic  truth — it  is  not  a 
theory  concocted  to  explain  a  fact,  or  group  of  facts, 

^but  is  sequential  to  the  fundamental  law  of  force,  and 

y  in  turn  forms  the  basis  of  a  grand  generalization.  The 
applicability  of  the  term  uptJi  to  these  molecular  bodies 
is  distinct,  and  is  founded  on  the  fact  of  their  being  the 
smallest  structural  divisions  uhich  retain  the  func- 
tional principle.  The  term  cannot  be  applied  to  nerve 
or  muscle  fibrils,  because  they  can  be  divided  and  yet 
retain  functional  activities. 

The  physiologic  unit  is  surrounded  by  an  induced 
field,  and  in  a  broad  sense  the  term  should  comprise 
this  field  as  the  term  molecule  comprises  its  inter- 
niolecular  space.  The  interspaces  of  units  are  filled 
with  material  essential  to  function  ;  as,  for  instance, 
the  isotropic  substance  possesses  elements  necessary  to 
the  property  of  contractility.  In  this  broader  sense 
physiologists  have  provided  the  term  sarcomere,  which 

^  denotes  the  muscle-unit  inclusive  of  its  induced  field. 

"  That  there  is  a  rieuromere  is  rendered  probable  b}^  the 
identitji- of  electric  reactions  of  nerve  and  muscle.     The 

t  lessened  pressure  by  the  absence  of  an  elastic  sheath 
in  nerve  structure  seems  to  be  the  chief  factor  in  the 
production  of  a  nerve  molecule  so  minute  as  to  be 
'leyond  microscopic  observation. 


CHAPTER  XI 

Metabolism 

i6o.  It  has  been  shown  (§  41 — 43)  that  the  polariza- 
tion of  the  ether  molecule  is  a  step  towards  disinte- 
gration, and  the  same  may  be  said  of  the  pola^i^ation 
of  all  molecules  (§  51 — 54).  When  certain  complex 
molecules  of  living  matter  polarize,  as  during  muscle 
contraction  or  nerve  conduction,  some  of  their  atoms 
are  dissociated.  Physiologic  facts  lead  us  to  believe 
that  in  the  metabolism  of  conducting  and  contracting 
tissues  the  segregated  atoms  consist  of  oxygen,  carbon 
and  hydrogen.     In  Fig.  76  the  spheres  represent  phys- 

L/^y*   (^^cm)     ^p^     ^pTm)     ^«(pcm) 

Fig.  76. 
Representing  Molecular  Uuits  Polarized  and  Depolarizing. 

iologic  units  or  molecules ;  the  first  sphere  representing 
a  molecule  depolarizing,  the  other  molecules  polarized 
or  tetanized.  The  minus  sign  represents  oxygen,  and 
the  plus  sign  either  carbon  or  hydrogen,  or  both. 
When  depolarization  takes  place  the  positive  unites 
with  the  negative  element,  and  CO2  and  H2  O  are 
formed.  That  these  are  the  elements  of  waste  is  evi- 
denced by  the  acid  reaction  obtained  after  a  period  of 
nerve  and  muscle-action ;  by  the  character  of  the  con- 
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stituents  of  the  cell ;  and  by  their  probable  arrangement 
during  polarization  (Fig.  i,  76). 

Placing  the  atoms  in  order  from  their  electro-negative 
to  the  electro-positive  quality  the  physiological  unit 
has  a  formula  as  follows  :  —  0„NnPnC„H„-f  ,  When 
polarized  the  most  electro-negative  will  constitute  the 
.negative  pole  of  the  unit,  and  the  most  electro-positive 
the  positive  pole.     During  polarization  these  elements 


/, 


f 

/ 


"^'j:^ 


•     Fig-  77- 

A  Gaaglcon  cell  from  the  anterior  horn  of  the  spinal  cord,  showing  ar- 
laDgcmeiit  oi  Nissl  granules  and  lamification  of  the  dendrites  {ojter 
Gordinter), 

are  held  fast  at  their  respective  poles.  Now  the  hydro- 
gen atom  at  the  positive  pole  is  attracted  towards  the 
equator  of  its  own  molecule  and  towards  the  negative 
pole  ol  the  adjoining  molecule,  according  to  the  great 
law  that  forces  react  in  inverse  proportion  to  the  square 
of  distance  asunder.  Clearly  the  hydrogen  atom  will 
leave  its  molecular  situation  and  dissociate  at  the  mo- 
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ment  of  depolarization.  The  same  niay  be  said  of  its 
fellow  the  carbon  atom,  although  its  attractions  are 
less  positive.  The  oxygen  atom  at  the  negative  pole 
will  dissociate  also  for  the  same  reasons.  The  propor- 
tionate numbers  of  these  atoms  dissociating  from  their 
respective  poles  will  be  according  to  their  chemic  valen- 
cies, these  being  the  potentials  which  govern  polar 
attraction.  Hence  there  are  hydrogen,  carbon  and 
oxygen,  in  chemic  proportions,  in  the  nascent  state,  as 
a  result  of  each  vibration  or  polarization  of  the  physio- 
logic unit,  and  hence  these  constitute  the  waste  ele- 
ments. Furthermore,  if  these  are  the  elements  of 
waste  Ihev  in  some  form  must  be  the  elements  of  nutrition. 

The  ether  changes  are  as  follows:  On  molecular 
polarization  taking  place,  ether  is  also  polarized,  that 
is,  polarization  causes  more  intense  and  differentiated 
polar  induced  fields,  the  ponderable  molecules  assuming 
the  condition  of  magnetization  (§  i,  §  69).  During  the 
depolarizing  act  ions  are  formed  with  increased  poten- 
tials, increased  induced  fields,  aud  increased  polarization 
of  ether.  When  depolarization  takes  place  molecules 
of  simpler  construction  are  formed  and  ether  is  set  free 
from  the  induced  fields  of  the  ions  uniting.  This  ether 
may  radiate  as  heat,  or  under  favorable  conditions  may 
form  an  electric  current  {§  41 — 43). 

The  loss  of  oxygen,  carbon  and  hydrogen  lessens 
the  potential  of  the  physiologic  unit  and  represents  the 
waste  that  occurs  during  action.  It  is  the  katabolic 
change  that  results  from  the  physiologic  action  of 
nerve  and  muscle,  and  the  similar  action  taking  place 
in  gland-cells  (§  203),  and  other  physiologic  units. 

161.  After  losing  some  of  its  atoms^  can  a  molecule 
of  high  potential  retain  its  structural  position,  and  re- 
cover its  lost  potential  by  absorbing  elements  similar 
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to  those  lost  ?  The  fact  that  it  requires  a  continuity 
of  structure  for  nerve-conductivity,  which  would  be 
destroyed  by  a  line  of  broken-down  jnolccules,  is  evi- 
dence of  the  fact  that  the  molecular  base  is  maintained, 
and  that  recuperation  is  efifected  by  absorption  from 
neighboring  molecules. 


Two  motor  cells  from  lumbar  rej^ion  of  spinal  cord  of  dog.  a,  from  the 
fresh  <lox  :  i.  p;ile  nucleus;  2,  flarlc  Nissl  spindles;  3,  bundles  of  nerve 
fibrils.  B,  from  tlie  Citi^acil  dog:  4,  dark  shriveled  nucleus;  5,  pale 
spindles.     (After  Mann. ^ 

It  has  been  stated  (§  8)  that  the  surface  of  an  elec- 

ftrified  conductor  is  equipotentialj  and  it  is  plain  that 

ithe    surface    of  liquids   are    physically    eqnipotential. 

A  line  of  molecules  of  high  potential,  finely  adjusted, 

as  must  be  the  case  in  the  conducting  filament  of  a 

nerve,   will  be   chcjuically  and   physiologically    equipo- 

Jential,     This  accords  with  the  law  that  molecules  tend 
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to   reform  under  a  lower  potential  (§  41),  and  to  the 
physical  fact  that  water  seeks  a  lower  level. 

162.  According  to  Schultze,  as  the  axon  enters  the 
cell  it  splits  up  into  fine  fibrillae,  which  pass  through 
the  cell  and  are  continuous  with  the  deudrites.  Sur- 
rounding these  fibrillae  and  within  the  cell  is  a  mass  of 
protoplasm,  proteids  and  hydro-carbons.  After  a  pe- 
riod of  rest,  there  is  established  between  the  molecules 
of  the  conducting  fibrillae  and  those  of  the  pro  toplas 
mic  material  a  physiologic  equilibrium.  During  nerve 
action  the  conducting  molecules  lose  part  of  their 
oxygen,  carbon  and  hydrogen,  which  lowers  the  molec- 
ular potential  of  tlie  fibrillse  and  disturbs  the  equilib- 
rium. To  re-establish  the  equilibrium  there  must  be 
a  movement  of  carbon,  oxygen  and  hydrogen  elements 
— H2  CO3 — from  the  protoplasm  of  the  cell,  along  the 
nerve  fibril.  By  this  anabolic  process  the  potential  of 
the  fibril  is  regained  at  the  expense  of  contemporary 
katabolism  of  the  protoplasm  of  the  cell  (Figs.  78,  115). 
There  must,  however,  be  extrinsic  pressure  as  a  factor 
in  the  re-establishment  of  the  equilibrium,  as  the  nerve 
units  and  hydrogen  carbonate  are  similar  in  potential, 
both  being  negative. 

In  the  Daniell  cell  a  displacement-movevient  takes 
place  in  order  to  establish  a  chemically  equipotential 
surface,  as  shown  in  the  following  formula : 


Zn 


Zn  Zn  Zn  Zn 
SO^SO.SO^SO, 


Cu  Cu  Cu  Cu 
SO.SO^SCSO, 


Zn  represent  the  zinc  plate ;  ZnSOj  represent  a  solu- 
tion of  zinc  sulphate ;  CuSO^  represent  a  solution  of 
copper  sulphate.  These  solutions  are  divided  by  a 
porous  partition.     Cu  represent  the  copper  plate. 
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The  explanation  of  the  formula  is  as  follows  :  The 
ziuc  plate  is  more  positive  than  the  copper  plate,  con- 
sequently the  negative  radical,  SO*,  has  a  tendency  to 
leave  the  copper  and  unite  with  the  zinc,  thus  setting 
free  energy.  The  difiference  of  potential  is  not  suffi- 
cient to  cause  chemic  reaction  unless  a  way  is  provided 
for  the  energy — ether  from  induced  fields — to  escape 
\eith  slight  resistance.  The  conducting  circuit  pro- 
vides the  necessary  path  and  the  energy  escapes  as  an 
electric  current.  Under  these  conditions  there  is  a 
general  movement  of  the  radicals,  SO4,  by  displace- 
ment, towards  and  to  unite  with  the  zinc,  whilst  cop- 
per is  deposited  on  the  copper  plate. 

If  a  conducting  nerve  fibril  be  supplied  with  nutri- 
tion from  its  ganglionic  cell,  the  dissociated  carbon, 
hydrogen  and  oxygen  of  the  protoplasmic  molecules  of 
high  potential,  under  the  osmotic  pressure  of  the  blood 
and  the  heat  produced  by  the  combustion  of  the  pro- 
teids  and  hydro-carbons,  will  move  along  a  line  of  mole- 
cules of  lower  potential,  and,  by  anabolism,  will  add  to 
the  stored  energy  of  the  molecules  of  lessened  potency 
in  the  conducting  fibril. 

The  protoplasm  of  the  cell,  on  giving  up  elemeuts  to 
the  fibrils,  further  disintegrates  into  excrementitious 
substances,  a  new  set  of  molecules  being  supplied  by 
the  blood  (§  239).  The  cell  is  tlrus  maintained  as  a 
store-house  of  high  potential  molecules — proteids  and 
hydro-carbons  with  oxygen  in  their  induced  fields. 

The  metabolism  of  the  muscular  fibrilla  takes  place 
on  the  same  principles  as  the  metabolism  of  the  nerve, 
only  the  nutrition  is  derived  from  the  combustiou  of 
elements  in  the  surrounding  plasma.  The  nerve- 
filament  also  may  derive  nutrition  from  the  plasma  in 
which  its  conducting  elements  are  imbedded.     In  the 
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displacement-action  of  the  Daniell  cell  the  principle  of 
cheinic  equipotential  surfaces  is  maintained,  viz. :  that 
molecules  tend  towards  reconstruction  at  lower  poten- 
tials. In  the  nutrition  of  a  nerve  fibril  there  is  also 
the  principle  of  equipotential  surfuces,  but  the  potential 
is  built  up,  the  process  being  anabolic,  /.  r.,  the  mole- 
cule of  hydrogen  carbonate  of  slight  negative  potential, 
is  forced  by  displacement  along  the  line  of  molecules — 
the  nerve  fibril — also  having  a  potential  of  negative 
quality,  and  by  pressure  the  smaller  molecule  is  forced 
into  the  construction  of  the  larger  molecule  or  physio- 
logic unit  (§  159). 

163.  As  the  physiologic  unit  takes  on  certain  ele- 
ments with  a  gain  of  potential,  and  gives  them  off  as 
waste  with  a  loss  of  potential,  and  as  there  has  been 
work  done,  the  inherent  potential  of  the  waste  elements 
must  be  greater  than  tliat  of  the  nutritive  elements. 
The  work  done  by  the  unit  must  be  equal  to  the  differ- 
ence of  the  potential  of  the  nutritive  and  the  potential  of 
waste  elements.  The  metabolic  changes  involved  must 
be  molecular  and  musl  be  accomplished  by  a  fiio/fcule. 
No  other  conclusion  can  be  arrived  at.  The  pressure 
within  the  cell  has  two  factors:  (i )  The  high  potential 
of  the  molecules  of  nutrition  seeking  a  lower  potential, 
and  (2  )  the  osmotic  pressure  of  the  blood.  The  transfor- 
mation of  energy  may  be  stated  thus :  Work  done  by 
extrinsic  pressure  increases  the  potential  of  the  unit  by- 
adding  a  molecule  to  the  unit,  the  potential  of  the 
physiologic  unit  and  the  nutritive  molecule  being  of 
negative  quality.  The  increased  potential  of  the  unit 
may  be  termed  a  potential  of  coucentrativeness.  It  is 
similar  to  the  potential  of  a  gas  gained  by  compression. 
The  potential  of  pressure  is  converted  into  a  potential 
of  concentrativeness  and  takes  place  during  the  rest  of 


1 63 


METABOLISM 


239 


the  cell  or  unit.     When  the  unit  polarizes  the  poten- 

i  tial  of  concentrativeness  is  transformed  into  a  potential 
of  diffusibility  as  represented  in  the  ions  separated  at 
their  respective  poles.     The  three  potentials,  extrinsic 

pressure,  concentrativeness,  and  diffusibility^  must  be 
quantitatively  equal.  The  transformation  of  energy 
traced  further  shows  differentiation.  In  muscle  and 
nerve  the  ions  combine  and  form  simple  compounds, 
the  energy  diffusing  as  heat.     In  the  glands  the  ions 

I  perform  an  important  anabolic  function.  Specifically, 
by  extrinsic  pressure  derived  from  katabolism  and 
blood  pressure,  the  physiologic  unit  during  rest  takes 
on  hydrogen  carbonate,  H^COa,  and  during  action  gives 

'  off  ions  ol  oxygen,  carbon  and  hydrogeu.  Externally, 
if  work  has  been  done,  as  lifting  a  body  by  muscular 
contraction,  the  body  has  gained  in  potential  by  being 
removed  from  the  center  of  gravity,  whilst  a  column  of 
air  has  lost  in  potential  by  being  placed  nearer  the 
center  of  gravity.  The  balance  is  complete,  within 
and  without. 

The  physiologic  unit  maj'  be  constructed  in  a  some- 
what similar  manner  to  a  salt,  for  instance  an  alkaloidal 
phospho-carbonate;  the  base  being  made  up  of  oxygen, 
nitrogen,  carbon,  and  hydrogeu,  with  perhaps  phos- 
phorus, in  such  relative  proportions  to  give  it  a  positive 
potential.    It  may  be  a  compound  of  nuclein.    The  acid 

'  radical  may  contain  phosphorus,  carbon  and  oxygen 
in  sufficient  proportions  to  give  the  whole  uuit  a  slight 
negative  potential.  These — the  basic  and  acid  radi- 
cals— will  constitute  the  permanent  part  of  the  unit 
body,  the  unstable  elements  being  oxj'gen,  carbon  and 
hydrogen  in  the  relative  proportions  contained  in  hy- 
drogen carbonate,  and  forming  the  nutritive  and  waste 
elements  of  physiologic  action.     Thus  after  a  period  of 
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rest  the  unit  is  increased  in  potential  of  negative 
quality,  and  after  a  period  of  action  it  is  reduced  in 
negative  potential  and  approaches  neutrality,  or  poten- 
tial exhaustion.  Complete  exhaustion  of  a  nerve-unit, 
however,  must  embrace  the  stored  energy  in  the  gangli- 
onic cell  of  the  neurone.  The  nutritive  and  waste 
processes  takiug  place  in  an  ultimate  physiologic  unit 
have  an  analogue  in  metabolism  of  starch.  Thus  a 
starch  molecule,  being  of  positive  potential,  is  made 
more  positive  by  the  addition  of  a  molecule  of  water 
and  becomes  a  molecule  of  sugar.  The  sugar  molecule 
is  dehydrated  and  deposited  in  the  liver  as  glycogen, 
to  be  again  converted  into  glucose  at  the  proper  period. 
We  have  only  to  give  the  molecule  of  starch  a  perma- 
nent placement,  and  allow  it  to  take  on  and  give  off 
water,  to  have  an  analogous  metabolic  process  to  that 
which  takes  place  when  the  physiologic  unit  function- 
ates and  produces  waste,  and  is  again  built  up  during 
rest. 

It  is  generally  accepted  by  physiologists  that  within 
the  lung  CO:-  leaves  the  blood  and  mixes  with  the  air, 
concurrently  with  O..  leaving  the  air  and  mixing  with 
the  blood.  This  is  impossible  either  by  the  laws  of 
gravity  or  osmosis,  as  both  carbon  dioxide  and  oxygen 
are  negative  and  the  furmer  is  heavier  than  the  latter. 
If  it  be  granted  that  the  negative  pole  of  the  body-cur- 
rents in  the  luug  points  outward  and  the  positive  pole 
inward,  towards  the  blood,  it  will  be  seen  that  what 
takes  place  is  as  follows:  Carbon,  being  positive  or 
equatorial  will  pass  outward  by  leaving  its  oxygen 
in  the  blood  and  uniling  with  oxygen  in  the  air,  thus 
seeking  the  negative  pole,  and  thus  setting  free  oxygen 
in  the  blood.  Even  if  equatorial  carbon  may  be  drawn 
to  the  negative  pole,  by  its  passive  potential  (§  36),  in 
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the  presence  of  oxygen.  Oxygen  in  the  air,  seeking 
the  positive  pole,  together  with  the  oxygen  set  free  by 
the  elimination  of  carbon,  constitute  the  free  oxygen 
acquired  by  the  blood  through  respiration.  Water, 
being  positive,  seeks  the  negative  pole  and  saturates 
the  air  within  the  lung.  What  takes  place  during  the 
nutrition  of  the  tissues  is  a  reaction  between  electro- 
positive molecules  of  high  potential,  such  as  hydro-car- 
bons and  proteids,  etc.,  and  the  electro-negative  mole- 
cules of  oxygen  absorbed  through  respiration  and  car- 
ried in  the  induced  fields  of  the  former.  If  a  chemical 
reaction  occurred  in  the  lung  between  oxygen  and  the 
positive  elements  of  the  blood  the  lung  would  be  con- 
I  samed  by  the  heat  evolved.  The  lowered  temperature 
of  the  blood  in  the  lung  is  probably  the  chief  factor  in 
preventing  chemical  union.  Oxygen  is  therefore  held 
in  solution  in  the  blood,  that  is,  it  is  attracted  by  ele- 
ments of  opposite  potential,  as  in  diffusion  or  osmosis, 
and  without  chemic  union,  consequently  it  is  carried 
to  all  parts  of  the  body  where  under  favorable  condi- 
tions there  is  combustion  between  the  potential-carrier 
and  its  load,  part  of  the  disiutegrants  being  impressed 
into  the  physiologic  units  of  the  tissues  as  nutriment. 
Thus  a  molecule  of  glucose  has  an  inductive  capacity 
as  a  potential-carrier  equal  to  four  molecules  of  oxygen, 
and  the  latter  remain  in  the  induced  field  of  the  glu- 
cose molecule  until  favorable  conditions  occur  for 
chemic  union.  These  conditions  are  found  in  the  tis- 
sues when  there  is  a  rise  of  temperature  following 
their  physiologic  actions,  and  when  a  means  is  provided 
for  the  disposal  of  the  disiutegrants  by  lowered  potential 
of  physiologic  units.  One  molecule  of  glucose,  and 
its  load  of  oxygen  with  a  re-enforcement  from  a  nutri- 
tive-tender, furnish  six  nutritive  molecules  of  hydrogen 
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carbonate.  Thus  within  the  cell,  and  surrounding  the 
ultimate  fibril,  and  within  the  induced  fields  of  all 
units,  are  the  essentials  of  combustion,  positive  and 
negative  elements — molecules  of  high  concentrative 
potentials  having  in  their  induced  fields  oxygen  in 
quantities  equivalent,  or  nearly  equivalent,  to  the 
physiologic  nutriment  values  of  the  positive  molecules. 
Some  of  the  oxygen  necessary  for  combustion  maj^  be 
carried  by  such  elements  as  nuclein,  globulins,  etc., 
which  are  sufficiently  stable  to  resist  combustion ;  thus 
whilst  a  molecule  of  sugar  is  completely  oxidized  in 
the  tissues,  part  of  the  oxygen  may  be  derived  from 
more  stable  ox^'gen-carriers,  which  remain  in  the  blood, 
and  become  carbon  dioxide  (also  electro-negative) 
carriers  in  the  venous  circulation.  Then  a  molecule  of 
sugar,  including  its  load  of  oxygen  (that  is  to  say, 
four  molecules  of  oxygen),  would  be  electro-positive,  a 
quality  essential  to  its  being  attracted  by  negative 
tissues. 

Blood 


4 
i 


164.  When  blood  is  exposed  to  the  action  of  the 
galvanic  current  by  direct  contact  wath  the  electrodes, 
coagvilation  takes  place,  which  is  physically  different 
at  the  two  poles.  The  clot  at  the  positive  pole  or  elec- 
trode is  comparative!)'  small  in  size,  dark  in  color,  and 
hard  in  consistence.  It  firmly  adheres  to  the  electrode, 
which  it  oxidizes  if  the  electrode  consists  of  oxidizable 
material.  The  clot  at  the  negative  is  comparatively 
large,  soft,  and  of  a  yellowish  color.  It  does  not  adhere 
to  the  electrode,  and  bubbles  of  hydrogen  gas  cause  a 
froth. 

The  production  of  coagulation  of  blood  is  slow, 
requiring  some  time  to  effect  it.     It  also  requires  a  de- 
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cided  amount  of  current — lOO  to  250  milliamperes — 
,  and  is  aided  by  lessening  the  circulatory  blood  pres- 
sure. Experiments  tend  to  prove  that  the  passing  of 
the  galvanic  current  through  the  blood  increases  the 
amount  of  ozone — some  part  of  the  electrical  potential 
is  converted  into  chemical  potential  as  existing  in 
ozone  (§  161).  The  action  is  similar  tu  that  of  elec- 
trolysis, only  the  oxygen  ion,  instead  of  being  carried 
to  the  positive  pole,  is  fixed  in  an  adjoining  molecule. 

The  differential  polar  action  of  the  current  on  the 
blood  depends  on  water  being  driven  by  induction  from 
the  positive  to  the  negative  pole,  thus  producing  more 
fluidity  at  the  cathode.  The  electrolytic  results  of 
acids  at  the  anode,  and  alkalies  at  the  cathode,  do  not 
appear  to  have  any  bearing  on  the  character  of  the  clot. 
It  is  well  known  that  electrolysis  is  produced  by  a  small 
current,  whereas  a  large  amperage  is  required  to  pro- 
duce coagulation  of  the  blood.  The  ions  collect  on  the 
surface  of  the  electrode  and  their  action  does  not  extend 
into  the  clot. 

165.  The  author  advances  the  following  theory  to 
account  for  coagulation.  The  blood  coagulates  in  the 
vicinity  of  the  electrodes  owing  to  the  concentration  of 
the  current  at  these  points. 

The  cathodal  clot  is  large  because  the  negative  cur- 
rent possesses  the  property  of  diffusibility  to  a  greater 
degree  than  the  positive  (§  39),  and  is  less  dense  because 
of  water  collecting  at  the  negative  (§  61). 

In  the  blood  there  exists  certain  soluble  proteids  of  the 
globulin  class — paraglobuliu  and  fibrinogen.  They  co- 
agulate on  heating.  When  these  globulins  are  brought 
under  the  influence  of  a  strong  galvanic  current  they 
are  polarized.  In  the  act  of  polarizing  the}'  take  up 
part   of  the  blood  serum,  hence  the  supposition  that 
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another  material  is  produced  which  has  been  called 
fibrin.  The  imbibition  of  blood  serum  by  the  globu- 
lins is  analogous  to  the  absorption  of  water  during 
crystallization — water  of  crystallization  (§  148,  §  149). 
It  is  also  analogous  if  not  identical  with  the  imbibition 
of  fluid  by  the  anisotropic  substance  of  the  muscle 
during  contraction  (§  184).  The  polar  attractions  and 
the  incorporation  of  fluid  into  their  structure  produce 
solidity  of  the  globulin  substance. 


»    V  *%. —  - 


F»g-  79- 
Showing  the  Difiereut  Degrees  of  Blood  clotting  at  the  Galvanic  Poles. 


166.  Coagulation  of  Blood.  When  blood  is  shed  it 
remains  fluid  for  a  few  minutes,  then  becomes  viscous, 
and  setting  into  a  soft  jelly  it  quickly  assumes  a  firm 
consistence,  so  that  the  vessel  can  be  inverted  without 
spilling.  The  coagulum  becomes  still  more  compact 
and  separates  into  the  blood  serum  and  a  bard  clot. 
The  essential  part  of  the  clot  has  been  called  fibrin, 
which  forms  an  exceedingly  fine  network  of  delicate 
threads  permeating  the  whole  mass.     A  drop  of  blood 
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placed  on  a  slide  aud  allowed  to  coagulate  will  show 
these  delicate  threads  of  fibriu. 

I  It  is  found  that  the  blood  from  a  horse  or  terrapin, 
which  clots  slowly,  can  be  prevented  from  coagulating 
by  being  surrounded  by  ice.  A  solution  of  certain 
neutral  salts,  such  as  sulphate  of  magnesium,  will 
prevent  clotting  of  blood.  The  action  of  albumose 
solution  when  injected  into  the  circulation  will  retard 
coagulation.  A  solution  of  potassium  aud  of  sodium 
oxalate  mixed  with  freshly  drawn  blood,  suflScient  to 
make  a  total  strength  of  o.i  per  cent,  will  prevent 
coagulation.  An  addition  of  water  will  not  produce 
clotting  in  the  latter  case,  but  solutions  of  calcium  salts 
will  quickly  effect  coagulation.  It  is  supposed  that  the 
presence  of  soluble  calcium  salts  and  a  fibriu  ferment 
is  essential  to  the  coagulation  of  blood.  A  solution  of 
pure  fibrinogen  may  be  kept  at  an  ordinary  tempera- 
ture without  coagulating,  until  putrefaction  begins; 
the  addition  of  a  water-washed  fibrin  clot  or  a  little 
blood  serum  causes  it  to  immediately  coagulate.  Beat- 
ing with  a  glass  rod  coagulates  blood  ;  but  if  the  rod  is 
oiled  coagulation  does  not  occur. 

Rigor  mortis  may  be  characterized  as  a  clotting  of 
the  muscle  plasma,  difi"ering  from  blood  clotting  in  as 
much  as  it  is  produced  by  myosin  instead  of  fibrin. 
Myosin  is  a  proteid  and  is  classed  with  the  globulin 
family,  and  has  many  analogies  with  fibrin.  Myosin- 
ogen  is  an  analogue  of  fibrinogen.  The  globulins  of 
the  vegetable  cells  have  been  obtained  in  well  defined 
crj'stalline  form. 

167.  The  common  principle,  upon  which  these  widely 
different  phenomena  rest,  appears  to  be  polarization,  a 
fundamental  property  of  all  matter.  Polarization  in 
this  sense  means  that  molecules,  acquiring  differential 
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poles,  have  their  positive  poles  uniformly  pointing  in 
one  direction,  and  the  negatiVe  in  the  opposite,  as 
shown  in  Fig.  80. 


Fig.  80. 
Showing  the  Polariiation  of  Coagulatiou. 

Between  coagulation  uf  blood  and  crystallization  there 
is  a  marked  resemblance.  In  both  cooling  has  to  take 
place  slowly,  for  if  the  blood  of  certain  animals  is 
cooled  by  being  placed  on  ice,  coagulation  is  prevented. 
The  polarizable  material  during  coagulation  or  crystal- 
lization absorbs  water  or  calcium  salts.  The  absorption 
is  prevented  in  the  case  of  blood  by  certain  salts  of 
strong  affinities. 

168.  When  blood-molecules  are  polarized  and  there 
are  still  free  spaces  between  adjoining  poles,  the  mass 
constitutes  a  crystal  (Fig.  84).  When  the  molecule 
fills  the  whole  free  molecular  path,  coagulation  is  said 
to  have  taken  place  (Figs.  80,  83).  Thus  some  of  the 
proteids  form  crystals.  When  a  molecule  is  evenly 
balanced  in  its  positivities  and  negativities  it  will  crys- 
tallize or  coagulate  without  additional  atoms,  but  when 
there  is  a  preponderating  potential  as  represented  by  pos- 
itive or  by  negative  atoms  in  the  molecular  construction 
polarization  b^'  dividing  the  atoms  into  hemispheres 
disturbs  the  constructive  equilibrium  of  the  molecular 
body.  To  round  out  the  defective  hemisphere,  and  at 
the  same  time  to  equalize  its  polar  potentials,  an  addi- 
tional molecule  or  molecules  are  required.  We  have 
named  these  associating  molecules  of  polarization.  They 
have  been  called  water,  alcohol,  benzine,  etc.,  of  crys- 
tallization, and  calcium  of  coagulation. 
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During  muscular  contraction  the  anisotropic  sub- 
stance imbibes  from  the  isotropic ;  and  the  presence  of 
a  calcium  salt  is  necessary  to  coagulation.  When,  as 
in  the  case  of  certain  salts,  the  potential  of  the  crystal- 
lizing molecule  demands  additional  atoms  of  a  certain 
total  positive  potential  in  order  to  crystallize,  these 
may  be  furnished  by  molecules  of  water.  When  crys- 
tallizing or  coagulating  molecules  have  relatively  larger 
potentials,  as  in  the  case  of  the  molecules  of  fibrinogen, 
they  require  associating  molecules  of  specific  dimen- 
sions and  of  specific  inductive  potentials,  so  that  the 
aggregate  molecular  association  possesses  symmetrical 
hemispheres  with  equipotential  poles  and  polar  fields. 
If  the  globulins,  nucleo-proteids  and  other  blood-ele- 
ments are  bases  of  physiologic  units — chromosome 
and  cytoplasmic  elements  of  broken  up  leucocytes  (the 

©  a  a  a  ©© 

Fig.  81. 
Depolarized  Molecules  of  Negative  Potential— Unequal  Hemispheres. 

©©©©©© 

Fig.  82. 
Depolarized  Molecules  of  Positive  Potential— Unequal  Hemispheres. 

Fig.  83. 
Polarized  Molecules  of  Positive  or  Negative  Potential— Equal  Hemispheres 

— Coagulation. 

Fig.  84. 
Polarized  Molecules  of  Positive  or  Negative  Potential— Equal  Hemispheres 

— Crystallization. 
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plasmoschisis  of  Lowit) — it  is  apparent  that  they  may 
vary  in  the  quality  of  their  potentials.  As  chromo- 
some or  cytoplasmic  molecules  they  are  electro-nega- 
tive (Fig.  115),  becoming  neutral  on  potential  ex- 
haustion of  the  leucocyte,  and  on  its  breaking  up 
they  become  electro-positive.  Some  of  these  elements 
may  be  neutral,  but  they  are  in  the  most  part  electro- 
positive. However,  more  than  one  organic  element 
seems  to  take  part  in  the  act  of  coagulation,  and  these 
with  the  calcium  salt  give  an  aggregate  coustituenc}' 
capable  of  furnishing  symmetrical  hemispheres  and 
quantitatively  equal  polar  potentials  to  the  polarizing 
molecule,  whereas  salts  such  as  those  of  potassium 
with  stronger  alkaline  reactions  are  disturbing  ele- 
ments and  prevent  equilibration. 

In  depolarized  molecules  the  positive  and  negative 
atoms  may  not  be  divided  into  hemispheres,  and  in 
the  figures  (81,  82)  the  hemispheres  are  intended 
merely  to  show  the  proportion  of  positi\nty  and  nega- 
tivit}'  in  the  molecular  construction. 

Fig.  85. 
Showing  Relative  Positioa  of  Ponderable  and  Ether  Molecules 
during  Polarization. 

169.  When  the  surrounding  conditions  are  such  that 
the  molecules  of  polarization  are  not  furnished,  polar- 
ization will  not  occur,  and  crystallization  or  coagulation 
is  impossible.  Excitants  to  polarization  may  be  a 
uniform  ether-movement  in  the  polarizable  mass  as  in 
crystallization,  blood  coagulation  or  rigor  mortis,  /.*., 
on  cooling  there  is  an  ether-movement  towards  the 
surface  of  the  body.     Fig.  85  represents  a  line  of  mole- 
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cules,  the  two  ends  being  at  the  surface  of  the  coagu- 
lating or  crj^stallizing  body.  The  ether  is  shown  as 
intermolecular,  and  at  the  ends  is  emitted  as  heat, 
whilst  the  ponderable  molecules  are  polarizing.  If  a 
uniform  movement  of  the  ether  is  made  toward  the 
surface,  as  in  cooling,  the  ponderable  molecules  are 
brought  into  line  and  polarized  symmetrically  (§  149) 
as  in  crystallization.  A  potential  force  at  a  neurone- 
terminal  will  polarize  neuronieres  by  attracting  unlike 
and  repelling  like  poles  (nerve-stimulation),  and  the 
same  can  be  said  of  the  action  of  electric  currents  or 
other  stimuli  on  certain  molecules  of  the  blood.  The 
factors  of  coagulation  may  be  classified: 

/.  Approximating  and  bringing  into  line  the  pol- 
arizing molecules.  This  is  accomplished  by  an 
ether-movement  as  in  cooling,  or  by  the  electric 
current. 

2.  Initiatory  stimulation  to  polarization.  This 
is  effected  by  electric  currents,  beating  with  a  glass 
rod,  contact  with  the  wall  of  a  diseased  blood  vessel, 
etc.  ;  and  it  involves  the  same  principle  as  nerve 
stimulation,  or  attraction  of  a  molecular  pole  by  the 
stimulus ;  and  it  also  involves  the  same  principle  as 
electrification  of  glass  by  rubbing  it  with  silk. 

7.  Association  of  molecules  of  polarization.  The 
soluble  calcium  salts  and  the  "ferment"  are  no 
doubt  associating  molecules. 

It  is  evident  that  the  absence  of  any  of  the  factors 
will  prohibit  blood-coagulation.  Hence  the  coagulat- 
ing molecule  remains  in  solution  in  the  normal  circu- 
lating fluid,  which  is  apparently  insulated  by  the 
tunica  intima.  On  the  other  hand,  when  in  contact 
with  the  wall  of  a  diseased  blood  vessel  its  positivities 
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are  attracted  and  its  negativities  are  repelled — it  polar- 
izes and  its  distal  pole  excites  an  adjoining  molecule ; 
thus  coagulation  is  effected  if  the  other  essentials  are 
present. 


CHAPTER  XII 

The  Neurone 

170.  The  term  neurone  was  first  used  by  Waldeyer, 
and  was  defined  as  the  histologic  unit  of  the  nervous 
system.  It  consists  of  a  cell  body,  with  protoplasmic 
and  axis  cylinder  processes,  end  arborizations  and  col- 
laterals. The  neurone  is  a  distinct  physiologic  body, 
having  no  break  in  the  continuity  of  its  conducting 
structure,  and  it  is  believed  that  its  branches  do  not 
anastomose  with  those  of  other  nerve  conductors.  The 
neurone,  however,  cannot  be  termed  an  ultimate  nerve- 
unit,  as  a  part  of  it  is  capable  of  function ;  and  to  the 
ultimate  nerve-unit  the  term,  neuromere,  should  be 
applied,  as  the  term,  sarcomere,  is  applied  to  the 
muscle-unit.  A  nuerone  is  analogous  to  an  electric 
body,  made  up  of  a  number  of  parts,  all  of  them  con- 
ductors, surrounded  by  an  insulating  medium. 

171.  On  looking  for  an  electric  body  with  which  to 
compare  a  neurone,  the  author  selected  the  conductor — 
comb,  fork,  conducting  wire  and  electrode — of  a  static 
machine.  This  body  is  excited  at  the  comb,  manifes- 
tations appear  at  the  electrode,  and  it  is  insulated  by 
non-conducting  material,  and  so  far  resembles  the  neu- 
rone. There  is  no  doubt  that  the  neurone  is  physio- 
logically insulated;  but  owing  to  its  special  form  of 
conduction  it  is  not  necessary  that  the  insulation  be 
electric  in  character.     In  fact  we  know  that  all  soft 
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Fig.  86. 
Scheme  of  Lower  Motor  Neurone. 
The  motor  cell  body,  its  protoplas- 
mic processes,  its  axis-cylinder 
process,  side  fibrils,  or  collaterals 
and  end  ramifications,  represent 
parts  of  a  single  cell  or  neuron f, 
(Modified from  Barker.") 


tissues  of  the  body  are 
in  varying  degree  electric 
conductors.  All  that  is 
necessary  is  that  the  en- 
veloping sheath  of  the 
ueurnne-body  shall  be  not 
endowed  with  the  proper- 
ty of  nerve  conduction. 
The  myelin  sheath  is  no 
doubt  an  electric  conduc- 
tor, and  yet  it  is  an  insu- 
lator of  the  nerve  force. 
It  is  the  insulator  of  a 
magnet  rather  than  that 
of  an  electric  conductor. 
(Figs.  86, 87.) 

This  will  be  under- 
stood when  we  consider 
nerve  energy  and  con- 
duction. At  the  termin- 
als of  a  neurone  there 
must  be,  under  physio- 
logic, and  even  more  pro- 
nounced under  certain 
pathologic  conditions, 
some  form  of  charge 
which  may  be  identical 
with,  as  it  acts  similarly 
to,  an  electric  or  magnetic 
charge.  There  can  be  no 
doubt  of  the  identity  of 
nerve  and  electric  force 
when  brought  to  an  ulti- 
mate  analysis.     But    a 
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in  order  to  produce  electric  phenomena  in  the  metallic 
conductor  an  external  force  is  required  proportioned 
exactly  to  the  work  to  be  done  through  the  conductor, 
and  to  the  electric  potential  created  in  it.  With  the 
neurone  it  is  different;  a  slight  touch  on  a  nerve  ter- 
minal, an  indistinct  sound,  or  a  faint  ray  of  light  is 
suflficient  to  excite  a  nerve  terminal,  and  these  forms 
of  excitation  in  dynamic  foi-ce  are  not  to  be  compared 
with  the  resulting  energ}'  liberated,  or  work  done. 
Hence  we  infer  that  a  nerve  conductor  has  a  supply  of 
energy  or  potential  not  possessed  by  a  simple  con- 
ductor; and  hence  we  arrive  at  the  conclusion  that  the 
fundamental  difference  between  an  electric  and  a  nerve 
conductor  lies  in  the  potential  of  the  molecule^  and  that 
the  difference  in  the  potentials  of  molecules — organic 
or  inorganic — is  one  of  degree  and  not  one  of  kind. 
There  is,  however,  this  difference  between  the  electric 
conductor  and  the  neurone :  Physiologically  the  neu- 
rone in  action  has  poles  similar  to  a  magnet,  and  the 
electric  conductor  has  poles  at  which  there  is  an  electric 
charge  (Fig.  124).  The  neurone  has  molecules  of  pon- 
derable matter  and  molecules  of  ether  differentially 
polarized  at  its  terminals,  whilst  the  latter  additionally 
has  ether  split  up  into  its  atoms  differential!}-  polarized 
at  its  terminals.  Both  can  be  stimulated  inductively. 
The  hypothesis  that  nerve  force  and  electric  force 
have  a  common  fundamental  basis  is  strengthened  by 
the  fact  that  chemic  analysis  establishes  the  identity  of 
organic  and  inorganic  basic  principles.  To  argue  that 
basic  principles  are  capable  of  an  action  in  organic 
substances  that  they  do  not  possess  in  inorganic  sub- 
stances, or  conversely,  is  to  assume  that  there  are  two 
kinds  of  chemic  action. 
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The  potential  of  a  molecule,  as  has  been  previously 
stated  (§  I,  60,  36),  rests  on  the  number  and  quality  of 
its  atoms.  The  potential  of  a  chemic  atom  has  been 
defined  as  the  number  of  free  units  in  the  atom's  con- 
struction, or  the  number  of  units  extrinsically  neutral- 
izable  (§  20,  24).  Manifestly  the  potential  of  a  molecule 
is  the  number  of  free  units  in  its  construction.  Conse- 
quently electric  and  chemic  force  meet  on  the  common 
ground  of  free  ether-units,  and  these  are  also  the  units 
of  nerve  force. 

172.  There  are  probably  many  thousands  of  chemic 
atoms  in  each  physiologic  unit  or  molecule  of  a  nerve 
force  conductor.  The  numerical  superiority  in  atoms 
of  the  organic  molecule  to  the  inorganic  of  the  electric 
conductor  is  therefore  marked.  Organic  chemistry 
favors  the  conception  of  the  couducting  molecule  being 
electro-negative,  and  of  it  being  composed  of  atoms 
having  negative  potentials  combined  with  those  of 
slight  positive  potentials.  Electro-neural  facts  support 
this  conception  of  its  character,  the  correctness  of  which 
is  essential  to  an  understanding  of  its  means  of  nutri- 
tion, of  the  forces  which  govern  the  osmosis  of  cells,  of 
the  positive  quality  of  initiatory  stimuli,  and  of  the 
necessity  of  the  presence  of  certain  salts  to  nerve  action. 
Obviously  the  potential  of  the  nerve  conducting  mole- 
cule is  greater  than  any  ordinary  electric  conducting 
molecule  possessing  as  the  former  does  the  two  factors : 
(1)  A  great  number  of  atoms  giving  a  potential  of  con- 
centrativeness  (§  27,  28);  and  (2)  these  atoms  preponder- 
ately  inclined  in  one  direction — the  negative.  The 
free  negativity  and  the  number  of  atoms  in  its  molecular 
construction  constitute  the  potential  energy  stored 
within  the  physiologic  unit  which  requires  but  a  slight 
excitant  to  be  set  in  action. 
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173.  Mode  of  Action.  For  the  purpose  of  nerve 
action  a  high  potential  molecule  is  the  first  essential. 
It  has  been  previously  stated  that  the  first  step  in  elec- 
tric conduction  is  molecular  polarization  (§  5).  This  is 
equally  true  of  nerve  conduction.  The  molecules  must 
therefore  be  set  in  symmetric  order  and  capable  of 
freely  moving  within  their  free  path  or  vibraton,'  space. 
The  conducting  structure  must  be  homeogeneous,  or 
at  least  the  physiologic  units  must  be  capable  of  being 
timed  as  to  vibratory  pace  so  as  to  conform  to  the  rhythm 
of  the  specific  physiologic  excitant  (§  271,  §  272). 
Mode  of  conduction  by  the  telephone  has  been  dis- 
cussed, and  the  method  favored  is  that  each  molecule 
receives  a  vibratory  thrill  from  the  preceding  one,  and 
conveys  the  same  to  the  succeeding  molecule,  having 
carried  the  oscillation  across  its  vibratory  path  (§  147), 
and  that  within  the  neurone  or  electric  circuit  sound- 
vibration  is  an  alternate  acceleration  and  retardation  of 
molecular  vibration  or  polarization.  The  trapeziform 
swing  is  the  only  form  of  vibration  whose  phases  are 
fully  explainable  {§  7).  and  in  nerve  tissue,  as  in  elec- 
tric conductors,  alternate  polarization  and  depolarization 
occur  in  each  complete  molecular  vibration  (§  6,  §  7, 
§  269). 

174.  In  Fig.  88,  A  represents  physiologic  units  or 
molecules  at  rest ;  and  B,  molecules  in  tetanized  action. 
In  c,  the  left  molecule,  representing  the  peripheral 
terminal  of  a  nerve  condtictor,  has  been  excited  and  is 
polarized  (§  156),  the  positive  pole  is  attracted  and  the 
negative  is  repelled  by  the  mass  of  the  nerve  in  front, 
which  has  a  large  negative  molecular  potential,  the 
induced  fields  not  being  represented  (§  155,  §  187). 
When  the  first  molecule  polarizes,  its  polar  induced  field 
excites  the  second  molecule,  which  polarizes,  as  shown  in 
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D,  the  first  then  depolarizes  and  assumes  its  original 
position,  as  in  E.  The  polarization  of  the  second  mole- 
cule is  an  excitant  to  the  third,  hence  the  wave  is  propa- 
gated. The  excitant  being  still  present,  the  polarization 
and  vibration  are  repeated.  As  polarization  favors  dis- 
sociation, on  the  initiation  of  the  depolarizing  act  a 
positive  atom,  p,  and  a  negative  atom,  N,  separate  from 
the  molecule  at  their  respective  poles  as  shown  by  sec- 
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Rest  and  Action  of  Physiologic  units,  showing  Polarization 
of  Wave  and  Elimination  of  Waste. 


tion  D  in  the  figure.  During  depolarization,  as  shown 
in  E,  the  atoms  or  ions,  p  and  n,  unite,  forming  carbon 
dioxide  and  water.  This  last  act  means  that  a  mole- 
cule has  formed  under  a  lower  potential  and  therefore 
energj'  has  been  set  free,  as  shown  by  the  symbols  +  in 
section  E  of  the  figure.  There  has  been  no  loss  of 
atoms,  only  there  are  two  molecules  in  place  of  one. 
The  larger  or  nerve  molecule  has  lost  some  of  its  atoms 
and  lost  a  corresponding  amount  of  potential  of  con- 
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centrativeness  (§  27),  and  of  inductive  potential,  and 
consequently  there  is  a  decreased  induced  field.  The 
molecular  induced  fields  are  shown  in  A  and  B  (§  19). 
The  freed  energy'  then  is  part  of  the  polarized  ether  in 
the  induced  field  of  the  molecule.  This  energy  can 
follow  one  of  two  directions,  always  seeking  the  course 
of  least  resistance.  The  ether  can  immediately  de- 
polarize and  diffuse  as  heat,  as  shown  in  E,  and  this  no 
doubt  is  the  physiologic  course,  but  as  polarization  is 
the  first  step  in  dissociation,  it  can  separate  atomically 
and  become  an  electric  charge  at  neurone-terminals,  a 
course  perhaps  followed  when  the  nerve  is  continuously 
irritated.  By  F,  is  represented  a  neurone  polarized, 
with  the  induced  fields  omitted,  and  in  which  p  and  N 
represent  the  waste  elements  dissociated  from  the  unit 
without  further  reaction  having  occurred ;  G  indicates 
the  same  neurone  with  the  ions,  p,  N,  united  as  a 
nascent  molecule  with  the  emission  of  heat,  +.  It 
will  be  noted  that  the  nascent  molecules  are  formed 
from  atoms  dissociated  from  adjoining  poles  of  units, 
leaving  the  terminal  dissociated  atoms,  N  and  p,  as  ions. 
The  terminal  ions  must  then  unite  by  displacement 
within  the  structure  of  the  neurone,  in  a  similar  man- 
ner to  the  displacement  movement  in  a  Daniell  cell 
(§  III,  §  162).  This  order  of  neutralization  probably 
occurs  in  a  tetanized  neurone  (Fig.  124). 

In  the  metallic  conductor  the  polarizing  potential  or 
excitant  is  the  atomic  ether  of  the  electric  current.  In 
a  nerve  where  the  molecule  is  of  high  potential  it  is 
more  sensitive  to  an  excitant,  and  without  an  electric 
charge,  as  in  the  case  of  an  electric  conductor,  //u 
induced  polarized  field  of  one  molecule  is  a  sufficieni  ex- 
citant to  the  next  in  line  (§  183).  The  stimulant  to 
polarization  of  each  unit  being  the  induced  field  of  the 
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positive  pole  of  the  preceding  unit,  it  is  evident  that  a 
positive  stimulant  to  each  exists  within  the  structure 
of  the  neurone  except  at  the  leading  off  point.  Obvi- 
ously the  natural  stimulus  to  the  leading  o£F  point  is 
one  of  positive  quality,  or  of  neutral  character. 

The  vibration  of  molecules  is  rendered  possible  be- 
cause they  are  surrounded  by  intermolecular  ether. 
The  contractile  element  of  the  muscle — the  anisotropic 
substance — is  surrounded  by  the  more  fluid  isotropic 
substance,  and  there  must  be  similar  histologic  ele- 
ments under  similar  conditions  in  the  nerve  conductor. 
We  have  only  to  change  the  environing  conditions  of 
these  physiologic  uuits  or  molecules  to  see  how  con- 
duction in  a  nerve  like  contraction  in  a  muscle  is  prop- 
agated as  a  wave;  and  it  is  probable  that  similar  waves 
exist  in  glands  and  electric  cells. 

Although  action  in  both  nerve  and  muscle  takes 
place  without  the  physiologic  molecules  or  units  be- 
coming electrically  charged,  nevertheless  continued 
action,  as  in  tetanus,  or  a  continued  irritation  from  any 
pathologic  condition,  will  render  possible  the  dissocia- 
tion of  the  ether  set  free,  and  its  polarization  by  induc- 
tion at  the  terminals  of  neurones  (§  55,  §  56)  or  mus- 
cles, as  occurs  in  electric  cells ;  or  a  simitar  polar- 
ization of  nacent  molecules  may  take  place,  as  in 
electrolytes  (§  42,  §  54,  Fig.  124).  Physiologic  dem- 
onstration of  ether  being  polarized  as  electric  potentials 
can  be  seen  in  the  activities  of  the  electric  organs  of 
fish ;  and  electrolytic  polarization  is  demonstrated  by 
the  diflferent  directions  of  CO2  concurrent  with  the 
activities  of  the  gastric,  hepatic  and  salivary  glands. 
During  physiologic  action  the  poles  of  a  neurone  are 
charged  similarly  to  those  of  a  magnet,  as  shown  in 
B   (Fig.   88),   persistent   action,    however,    as  in   some 
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pathologic  conditions  will  give  them  an  electric  or 
electrolytic  charge.  When  the  neurone  depolarizes, 
all  dissociated  elements,  whether  belonging  to  ponder- 
able molecules  or  to  ether,  are  neutralized  by  associa- 
tion, normally  within  the  structure  of  the  neurone. 

Conduction  in  all  nerves  as  regards  method  is  funda- 
mentally the  same.  They  differentiate,  however,  as 
to  the  character  of  the  vibratory  impulse  conveyed. 
However,  sound  is  conveyed  by  the  telephone  con- 
ducting wire  apparently  just  as  efficiently  as  by  the 
auditory  nerve,  and  by  substituting  a  portion  of  a 
sensory  nerve  for  a  portion  of  a  motor  the  impulse  is 
still  conveyed  to  the  muscle.  The  differentiation  of 
vibrations  therefore  must  be  accomplished  at  the  ter- 
minals of  the  nerves. 

The  vibratory  properties  of  differentiated  nerve  tissue 
whether  at  the  central  or  peripheral  terminals  must 
depend  on  the  quantitative  potential  of  conducting  mol- 
ecules, and  on  the  intensity  of  their  qualitative  poten- 
tial (§20),  which  is  always  negative  (§  155).  Between 
the  extremes  of  the  quantitative  dimensions  of  mole- 
cules, and  the  extremes  of  the  intensities  of  their 
qualitative  potential  there  are  an  infinite  number  of 
combinations  affording  distinct  molecular  bodies,  with 
distinctive  vibratile  characters,  fitted  to  respond  to 
distinctive  external  vibrations.  As  certain  colors  com- 
bine and  produce  white,  as  certain  sounds  mutually 
interfere  resulting  in  silence,  and  as  certain  molecules 
combine  and  produce  chemic  neutralization,  so  there 
are  compleujcntary  vibratory  periods  based  on  comple- 
mentary vibratory  characters,  having  the  two  factors, 
quantity  of  matter  in,  and  intensity  of  potential  of  the 
physiologic  molecule,  the  summation  of  which  is  a 
vibratory  balance.     Cousequentl3'  we  have  only  to  cou- 
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sider  the  relationship  of  individual  color  and  sound 
vibrations  to  be  able  to  postitlate  the  laws  of  molecular 
vibratory  differentiation.  It  is  evident,  however,  that 
although  each  molecule  has  its  characteristic  gait,  that 
its  vibrations  maj'  be  modified,  and  that  it  is  capable  of 
intercepting  other  vibrations,  This  is  demonstrated 
by  the  phenomenon  of  fluorescence. 

175.  Depolaiization,  neutralization  of  ions  and  a  con- 
current nutritive  process  take  place  in  the  motor  nerves 
each  time  the  muscle  relaxes;  in  the  optic  nerve  during 
each  period  of  a  wink — thus  indicating  the  necessity  of 
winking — and  in  the  auditory  apparatus  when  we  "shut 
our  ears"  against  noise.  In  all  nerves  there  are  sim- 
ilar periods  for  rest  and  recuperation.  During  sleep 
there  is  almost  a  general  depolarization  (§  288). 

During  tetany  of  the  nerve  there  exists  a  fixed 
neu roue-polarization.  In  this  case  the  molecules  or 
units  continue  to  vibrate,  to  disintegrate,  to  split  up 
ether,  and  consequently  the  nerve  fibril  or  neurone 
may  become  intensely  charged  at  the  terminals  (§  294). 
The  vibration  is  transmitted  from  one  physiologic  mole- 
cule to  another  by  the  vibratory  impulse  of  the  polarized 
induced  fields;  and  the  polarized  material,  whether 
ether  or  ponderable  matter  at  the  poles  of  the  neurone, 
also  partakes  of  the  vibratory  action.  The  induced 
field  existing  at  both  ends  of  the  neurone — similar  to 
the  induced  field  at  the  receiver  and  transmitter  euds 
of  the  telephone,  or  to  the  induced  fields  of  a  magnet  — 
being  in  a  condition  of  oscillation,  is  thus  in  a  position 
to  affect  the  terminals  of  other  neurones.  Under  in- 
tense action  a  molecule  in  a  neurone  is  in  an  analogous 
position  to  that  of  a  molecule  in  the  part  of  the  sec- 
ondary coil  within  the  electric  field  of  the  primary,  that 
is,  each  molecule  splits  up  ether  (§  8),  with  tht  addi- 


262 


ELECTRO-PHYSIOLOGY 


tional  and  inherent  property  of  dissociating  ponderable 
matter,  which  may  be  polarized  at  the  terminals  of  the 
neurone,  as  in  an  electroU'te. 

176.  Rejlex  Action.  The  reflex  action  of  nerves  is 
analogous  to  electric  induction  (§  185).  Moreover, 
they  are  fundamentally  identical.  The  terminals  of 
the  neurone  are  uiagueticall}'  cliarged — the  excited  end 
negatively  and  the  distal  end  positively — (§  1S2)  and 
the  magnetic  field  influences  inductively  surrounding 
polarizable  bodies.  The  charged  field  therefore  is  an 
excitant  to  the  proximate  terminals  of  other  neurones 
(Fig.  122).  Reflex  nervous  action  is  governed  b}-  the 
same  laws  as  electric  induction,  but  it  must  be  kept  in 
view  that  the  inductively  excited  neurones  are  endowed 
with  molecules  of  high  potential,  reservoirs  of  stored 
energy,  readily  brought  into  action  by  a  slight  excitant. 

The  nerve  terminals  evidently  are  separated  by  an 
indifferent  substance,  the  myelin,  which  is  composed 
of  neurakeratin  in  which  there  is  a  large  proportion  of 
sulphur.  The  specific  inductive  capacity  of  sulphur  is 
very  great  (§  loi),  and  it  is  probable  that  in  this  ele- 
ment resides  the  insulatory  properties  of  nerve  sheaths. 
Thus  terminal  charges  may  be  modified  in  inductive 
potential  by  a  change  in  the  relative  quantity  of  sul- 
phur in  the  myelin  sheath  (§  294,  §  295),  The  terminal 
charge  at  the  distal  end  of  a  neurone  being  separated 
from  proximate  terminals  of  adjoining  neurones  by 
neurakeratin,  a  substance,  by  virlue  of  its  sulphur, 
having  a  high  specific  inductive  capacity,  renders  ter- 
minal conditions  similar  to  that  of  a  Leyden  jar,  and 
makes  clear  how  impulses  are  conveyed  from  one  neu- 
rone to  another. 
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purposes.     In   a    multipolar  cell  where  the  dendritic 
processes  are  numerous,  and  some  of  them  apparently 
much  larger  than  the  axone,  and  where  they  spread 
over  a  large    surface,  showing  that    they  gather  im- 
pulses from  various   sources,    the  plan  appears  to  be 
entirely  insufficient  for   the    purposes 
of  uniform  and  co-ordinate  action.  Thus 
if  a  fibril  in  the  axone  is  directly  con- 
nected with  a  fibril  in  one  of  the  den- 
drites, obviously  this  piecludes  the  in- 
fluence  of  all    other   dendritic  fibrils, 
except    there   be  anastomosis  between 
them.      The  histologic   differentiation 
shown  to  exist  between  the   dendrites 
and  cell  on  one  hand,  and  the  axone 
on   the  other,  and  the  existence  of  the 
axone-hillock,  favor  the  conception  that, 
in    some    cells    at    least,    the    neurone 
morphologically    has   a    break    at    the 
axone-hillock.     If  the  axone-hillock  is 
composed  of  granules  of  high  molecu- 
lar potential,  and  of  intense  sensitive- 
ness  to  molecular   polarization,    it    is 
conceivable  that;  it  is  the  common  start- 
ing   point    of   all    impulses    travelling 
along  the  axone-fibrils,  and  that  those 
fibrils  act  co-ordinately  as  a  single  con- 
ductor.    In  this  case  the  axone-hillock 
becomes  negatively  charged  by  an  ex- 
citation   derived    from    the    protoplasmic    mass   of  tlie 
cell,  although  it  is  not  morphologically  continuous  with 
the  conducting  material  of  the  cell.     The  presence  of 
the   axone-hillock    does    away    with    the    necessity    of 
fibrils  in  the  cell  or  in  the  dendrites  being  continuous 
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with  those  of  the  axone.  Conducting  protoplasm  in 
the  dendrites  receive  impressions  at  the  terminals, 
which  pass  through  the  cell,  and  thus  impress  the 
axone-hillock,  the  latter  being  the  common  medium  for 
the  reception  of  all  impressions.  The  Nissl  bodies  are 
made  up  of  granules  which  are  probably  storehouses 
of  energy  from  which  the  potentials  of  the  conducting 
molecules  are  replenished.  They  may  be  loaded  ships 
carrying  nutrition,  sent  out  from  the  nucleus  to  dif- 
ferent parts  of  the  cytoplasmic  area  (§  239).  The  basic 
dyes  probably  act  on  these  electro-negative  granules  so 
as  to  artificially  group  them. 

The  conception  has  been  formulated  that  the  nucle- 
olus is  a  molecule  of  great  conceutrative  potential  and 
having  an  inductive  potential  of  negative  quality.  Its 
negative  potential  attracts  positive  molecules,  such  as 
proteid  bodies,  hydro-carbous,  etc.,  and  the  latter  are 
surrounded  b}'  negatives,  such  as  the  oxygen  absorbed 
during  the  passage  through  the  lung;  electro-positix^e 
salts  also  are  present.  These  form  the  hyaline  sub- 
stance, and  furnish  molecules  of  nutrition,  and  associ- 
ating molecules  of  polarization.  The  nucleolus,  like 
other  physiologic  units,  is  extremely  sensitive  to  elec- 
tro-positive stimulus.  This  sensitiveness  to  positive 
stimuli  is  best  studied  by  observing  spermatozoa  in  an 
alkaline  fluid.  The  nucleolus  therefore  is  continually 
polarizing  and  depolarizing.  As  this  is  work  done, 
there  must  be  waste — ions  dissociated  during  depolar- 
ization (§  160).  The  ions  uniting  as  simpler  compounds 
set  free  energy  as  heat.  The  rise  of  temperature  causes 
a  reaction  between  the  positive  nutritive  elements  and 
the  oxygen  in  their  induced  fields,  and  under  increased 
pressure  hydrogen  carbonate  is  impressed  into  the 
nucleolar  molecule  as  nutrition. 
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It  is  probable  that  under  normal  action  the  ions 
produced  at  the  poles  of  the  unit  form  CO2  and  H2O, 
these  substances  taking  different  directions  according 
to  the  polarity  of  the  structure.  Thus  in  the  liver  the 
former  goes  with  the  bile  and  tiie  latter  with  the  blood 
(§  260).  Obviously  they  must  be  separated  at  the 
poles  of  each  unit.  What  probably  takes  place  in  the 
nerve-cell  is  that  some — CO.. — or  all  of  the  ions  under 
the  increased  pressure  and  temperature  unite  with  pos- 
itive molecules,  such  as  those  of  uuclein,  and  the  latter, 
built  up  to  a  negative  potential,  are  repelled  by  the 
negative  nucleolus,  the  centrifugal  action  sending  them 
out  of  the  nuclear  area  into  the  cytoplasm.  They  form 
the  chromosomes  of  the  nucleus,  and  when  outside  of 
the  nuclear  area  become  indepeudent  units.  During 
the  formative  stage  of  the  cell  the  conducting  fibril  in 
the  cytoplasm  may  derive  its  units  from  the  chromo- 
some material.  After  this  is  passed  the  ecjuomy  of 
the  nerve-cell  evidently  requires  potential-carriers  to 
maintain  the  equilibrium,  and  molecules  within  the 
nucleus,  built  up  to  a  negative  potential,  may  travel  to 
and  unload  at  different  points  of  the  cytoplasm,  thus 
farnisliing  nutrition  to  other  units. 

The  nutrition  of  the  nucleolus  is  derived  from  elec- 
tro-positive molecules,  proteids  or  hydro-carbons>  of 
great  concentrative  potential  carrying  within  their  in- 
duced fiel  Is  a  sufficient  quantity  of  oxygen  to  neutralize 
part  or  all  of  their  constituents,  and  this  relationship 
of  the  elements  essential  to  combustion  no  doubt  applies 
to  the  nutritive  molecules  of  all  functionating  cells. 

The  nucleus,  and  other  induced  spaces,  of  physiologic 
units  evidently  consist  of  material  of  negative  potential 
moving  from  its  center,  and  other  material  of  positive 
potential  moving  toward  its  center.     There  must  be, 
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however,  in  the  nucleus  of  nerve-cells  a  certain  positive 
element  not  engaged  in  the  nutritive  process  which  asso- 
ciates the  ions,  as  in  the  cells  of  glands,  and,  as  previ- 
ously stated,  this  substance  may  be  nuclein.  Its  mole- 
cules resist  combustion,  having  relatively  less  inductive 
potential  than  that  of  hydro-carbons  and  other  pro- 
teids.  The  products  of  combustion  between  the  proteids 
or  hydro-carbous  and  oxygen  may  be  impressed  into 
the  nuclciu  and  chromosome  molecules  without  the 
intervention  of  the  nucleolus.  Then  the  nucleolus 
would  have  only  the  function  of  an  equilibrating  or 
dynamic  center,  attracting  positive  and  repelling  neg- 
ative potentials.  The  nuclein  molecule  may  inductively 
carry  oxygen  which  assists  in  the  combustion  of  other 
proteids  and  of  hydro-carbons;  the  nuclein,  resisting 
combustion  at  the  normal  temperature  and  pressure  of 
the  cell,  associates  products  of  combustion  during 
metabolism,  and,  as  it  passes  through  the  neutral  state 
to  a  negative  potential,  releases  the  oxygen. 

The  optical  properties  of  the  phj^siologic  unit,  as 
manifested  by  nucleoli  and  the  anisotropic  substance 
of  the  muscle,)  are  not  inconsistent  with  a  molecular 
character;  the  highly  refracting  powers  of  nucleoli 
may  result  from  their  diameters  being  much  greater 
than  the  length  of  light-waves.  The  anisotropic  prop- 
erties of  the  muscle-disc,  the  light  and  dark  bands,  the 
difference  shown  by  the  fiber  when  resting  and  when 
contracting  under  high  power,  may  be  in  the  line  of 
further  investigations  which  may  furuish  demonstrable 
proof  that  the  aniiiotropic  substance  is  molecular  and 
the  isotropic  its  induced  field,  the  latter  having  innu- 
merable polarizable  bodies  which  are  also  molecular  in 
character. 
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The  Nervous  System  as  a  Unit 

17S.  The  neurone-unit  has  already  been  described. 
If  we  conceive  many  thousands  of  such  units  of  dif- 
ferent lengths  and  with  terminal  differentiations  fitted. 
and  adjusted  into  a  harmonious  structural  whole,  each 
unit  capable  of  acting  independently,  yet  fulfilling  an 
individual  part  of  the  physiologic  sum,  which  in  its 
collective  character  constitutes  the  ego,  such  a  concep- 
tion will  properly  represent  the  nervous  system.  Fur- 
thermore, as  the  neurone  cannot  lay  claim  to  be  an 
ultimate  physiologic  unit,  we  can  say  that  arranged  in 
line,  delicately  and  uniformly  adjusted  and  variously 
superimposed,  are  molecules  of  high  but  of  diiferential 
potentials,  polarizable  spherical  bodies,  the  physiologic 
molecules,  which,  with  their  induced  fields,  constitute 
neuromeres,  and  which  are  capable  of  conducting  vi- 
brations of  almost  infinite  variety,  and  which  at  free 
terminals  are  capable  of  differentiall3'  intercepting 
vibratile  manifestations.  Thus  there  is  a  unit  nervous 
system  composed  of  unit-neurones,  which  in  turn  are 
made  up  of  neuromeres  the  ultimate  units  of  function, 
which  in  common  with  all  physiologic  units  are  com- 
posed of  dominating  molecules  of  high  potentials,  sur- 
rounded by  induced  fields,  and  having  the  common 
property  of  polarization. 

Neurones  may  be  classified  as  follow . 

/.  Peripheral  centripetal  neurones.  Those  which 
have  their  terminals  placed  so  as  to  differentiate  ex- 
ternal vibrations  and  convey  the  vibrations  selected 
to  the  first  neural  station  in  the  central  nervous 
system. 

2.  Centripetal  central  neurones.  Neurones  within 
the  central  nervous  system  connecting  the  first  cen- 
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tripetal  neural  stations  with  the  second,  and  those 
connecting  the  latter  with  still  higher  centripetal 
stations.  These  inductively  pass  forward  the  vibra- 
tions received  from  the  peripheral  neurones. 

J.  Projection^  commissural^  and  associated  neurones 
of  the  telencephalon.  These  connect  the  higher  cen- 
tripetal stations  with  the  higher  or  first  centrifugal 
stations,  They  cover  an  area  the  minute  anatomy 
of  which  is  imperfectly  understood.  However,  in 
this  region  inward  bound  vibrations  or  sensations 
are  transformed  into  outward  bound  vibrations  or  im- 
pulses. Here  also  vibrations  are  appreciated  and 
differentiated. 

./.  Upper  centrifugal  neurones — upper  segment  of 
the  centrifugal  pathway.  These  connect  the  higher 
centrifugal  stations  with  lower  centrifugal  stations 
within  the  central  nervous  system.  They  inductively 
receive  impulses  at  the  upper  terminals  which  at 
their  lower  terminals  they  inductively  pass  outward 
to  the  lower  centrifugal  neurones. 

5.  Lotver  centrifugal  neurones — lower  segment  of 
the  centrifugal  pathway.     Thesfe  connect  the  lower 
centrifugal  stations  within  the  central  nervous  system 
with  the  teledendrions  of  muscles,  glands,  mucous, 
serous  and  other  specialized  cells.     At  the  peripheral 
terminals  of  these  the  efferent  impulses  consummate 
in  muscular,  metabolic,  secretory,  or  excretory  action. 
179.  Fig.  92  schematically  shows  the  nervous  sys- 
tem divided  into  representative  neurones  as  classified. 
The   leading  off  point  of  a  vibration   or  sensation  is 
shown    as   electrically   negative,    the   excited   molecule 
turning  its  positive  pole  toward  a  mass  of  molecules 
of   high  negative  potential  {§   1S7,  §   188).     The  peri- 
pheral end  of  the  sensory  neurone  consequently  becomes 


Pig.  91. 

rKearone*  Chained  Together  :  9.  NeKative  Terminals,  and  O, 

Poailive  TerminaU.     {After  G.  P.  Wintermute,  M.  D.\ 

electro-negative.  Each  molecule  or  physiologic  unit  in 
line  within  the  neurone-conductor  has  positive  and 
negative  poles.  When  excited  similar  poles  point  uni- 
formly in  one  direction,  thus  producing  magnetic  or 
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electric  conditions  at  the  terminals  of  the  neurones, 
each  neurone  being  a  complete  dynamic  body  with  a 
positive  and  negative  magnetic  pole.  Therefore,  at  the 
neurone  terminals  there  are  induced  magnetic  or  neural 
fields  with  an  intensity  depending  on  the  degree  of 
nerve  action  within  the  neurone.  The  induced  field  at 
the  forward  terminal  excites  all  dendritic  terminals 
within  its  sphere,  thus  the  nerve  movement  progresses 
by  induction  (§  65 — 67,  §  185)  from  one  neurone  to 
another. 

The  fundamental  differential  character  of  vibrations, 
sensations  or  impulses  passing  along  neurones  will  be 
considered  in  chapter  on  vibrations  (§  269). 
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i8o-  The  anatomical  parts  of  the  muscle  which  con- 
cern the  electro-physiologist  are  its  peculiar  contractile 
substance  and  its  connective  tissue,  the  latter  contain- 
ing elastic  and  non-elastic  fillers.  The  microscopic 
fibers  of  the  voluntary  muscles  are  the  primitive  fasci- 
culi, which  are  divided  longitudinally  into  fibrillas  and 
transversely  into  discs.  The  fibrillje  are  surrounded 
by  a  sheath  and  the  fasciculi  by  the  sarcoleninia.  The 
diameter  of  the  fibrillas  is  1/25,000  of  an  inch,  aud  this 
must  be  about  the  breadth  of  the  discs.  Kolliker  esti- 
mates that  there  are  about  2,000  fibrillae  in  a  fasciculus. 
Both  fasciculi  and  fibrillas  show  transverse  striae  formed 
of  alternating  dark  and  clear  bauds  about  1/25,000  of 
an  inch  wide. 

181.   Muscle    substance    consists    of    two    materials. 

*he  sarcoplasma,  which  is  scini-fluid  aud  isotropic,  and 
^hich  is  shown  under  tbe  microscope  as  a  clear  band ; 
and  particles  of  anisotropic  material  of  greater  consist- 
ency than  the  plasma,  aud  which  the  microscope  shows 
as  a  dark  band.  The  ultimate  longitudinal  striations 
or  fibrillce  are  most  evident  in  the  dark  bands  and  are 
ob.ser\'ed  only  under  favorable  conditions.  Further, 
during  contraction  the  dark  bands  representing  the 
anisotropic   substance   become    lighter,   and    the    light 

mds     representing   the    isotropic   substance    become 

273 


274 


ELECTRO-PHYSIOLOGY 


darker.  The  isotropic  substance  is  divided  by  a  line  in 
its  center  (Krause's  membrane).  In  the  center  of  the 
anisotropic  substance  there  is  a  barely  perceptible  light 
line. 

When  a  muscle  contracts,  not  only  the  muscle  as  a 
whole,  but  each  of  its  fibers  and  each  of  its  discs  are 
relatively  shorter  and  thicker.  Moreover,  the  volume 
of  the  anisotropic  substance  increases  during  contrac- 
tion at  the  expense  of  the  isotropic  material.     This  is 


Fig.  93- 

Scbcuiatic  represeutation  of  histologic  structure  of  muscle-fiber:  a,  rest- 
ing fiber  ;  C,  coiilracling  fiber;  Z,  Krau»c's  tncmbrane  dividing  light 
baud  or  isotropic  substance  ;  n,  dark  line  passing  thrcugb  isotropic 
substauce  ;  q,  the  anisotropic  substance  with  a  barely  perceptible  light 
line  in  the  center  in  resting  fiber,  and  shown  as  the  lighter  substance 
in  the  contraction  fiber.     ( From  the  American  'textbook  of  PAviiolo^v.) 


explained  by  Engelmann  as  an  imbibition  of  the  more 
fluid  plasma  by  the  denser  anisotropic  substance.  He 
gave  the  reason  for  the  imbibition  that  heat  is  liber- 
ated by  chemic  changes  the  instant  that  the  muscle  is 
excited,  and  consequently  there  is  an  absorption  of 
fluid.  Engelmann  showed  that  dead  substance,  such 
as  catgut,  containing  anisotropic  material,  can  change 
its  form  by  imbibition  of  fluid  under  tlie  influence  of 
heat,  and  that  it  contracts  in  many  respects  similarly 
to  a  muscle. 
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There  is  a  tendency  ou  the  part  of  muscle  to  contract 
independently  of  an  irritant.  The  peculiarity  is  shown 
by  a  muscle  when  cut  across,  as  in  a  surgical  opera- 
tion, the  extremities  of  the  fibers  becoming  permanently 
contracted.     This  is  termed  muscular  tonicity. 

182.  Character  of  the  Muscle-Unit  or  Sarcomere. 
Like  other  physiologic  units,  the  muscle-unit  is  com- 
posed of  a  more  solid  substance  imbedded  in  a  more 
fluid  substance.     Like  other  pojiderable  molecules,  it 


ummm 


^ 


Fig.  94- 
Muscular  Fibers  and  SarcolemmA. 
{After  Wythe.) 


Fig.  95- 
Diagram  of  the  ittructure  of 
ttie  contractile  substance. 
(RoUft.)  2,  sarcous  ele- 
ments ;  /  and  J,  sarco- 
plasra.  The  sarcoplasni 
also  lies  Ijelween  the  sar- 
cuus  elements  in  u. 


is  composed  of  a  potential  molecular  body  surrounded 
by  an  induced  field.  The  sarcomere  is  bounded  longi- 
tudinall}*  by  the  sarcostyle  membrane  or  sarcolemma, 
and  transversely  b}'  Krause's  line  or  membrane  in  the 
middle  of  the  sarcoplasm.  It  thus  comprises  the  aniso- 
tropic substance  in  the  center,  with  sarcoplasm  occupy- 
ing the  induced  field  on  either  side,  The  anisotropic 
substance  is  the  molecular  body  having  great  concen- 
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trative  and  inductive  potential  of  negative  quality. 
The  sarcoplasm  or  isotropic  substance  has  dimensions 
corresponding  to  the  inductive  force  of  the  anisotropic 
molecule,  and  is  occupied  by  material  of  positive 
quality,  the  molecules  of  which  are  surrounded  by 
smaller  molecules  such  as  oxygen  (§  159,  §  243).  In- 
termolecularly  placed,  filling  the  interspaces  (§  29),  are 
molecules  of  smaller  dimensions  of  positive  quality  con- 
sisting of  alkaline  salts.  This  arrangement  fully 
accords  with  the  fundamental  principle  of  attraction 
and  repulsion  and  with  the  physical  properties  of  mat- 
ter manifested  as  solubility,  osmosis,  etc.,  and  also  with 
the  conditions  supporting  the  molecular  spacial  equilib- 
rium (§  159).  In  the  relative  arrangement  of  the 
constituents  of  the  muscle-unit  space  is  economized, 
force  is  stored,  and  physiologic  requirements  are  met. 
The  membrane  of  Krause  is  the  boundary  between  the 
induced  fields,  and,  although  it  may  not  be  entitled  to 
be  designated  a  membrane,  the  position  is  analogous  to 
that  of  the  nuclear  membrane  (§  244);  and  it  is  consti- 
tuted of  free  material  outside  of  inductive  influence. 
Hensen's  line  is  on  the  equator  of  the  molecule,  and 
when  the  fiber  is  stretched  it  divides  into  two  at  this 
line.  This  is  doubtless  owing  to  decrement  or  modifi- 
cation of  pressure  under  which  at  least  all  negative 
molecules  will  divide  (§  144). 

Myosin  belongs  to  the  globulin  class,  and  probabU' 
constitutes  the  base  of  the  contractile  protoplasmic 
molecule.  Myosin  according  to  Chitletiden  and  Cum- 
mins is  eleuientarily  composed,  on  an  average,  as 
follows:  Carbon  52.82,  Hydrogen  7.1 1,  Nitrogen  16.17, 
Sulphur  r.27,  Oxygen  22.03?o.  The  elementary  pro- 
portions about  conform  to  those  of  the  elements  of 
nuclein,    with   the   substitution    of  sulphur   for   phos- 
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'phorus.  The  molecules  of  both  are  positive  in  quality. 
Based  on  the  above  elementary  computation,  and  con- 
sidering myosin  as  the  base  of  the  molecule,  the  physi- 
ologic unit  of  the  muscle  will  have  a  formula  as  fol- 
lows :  —  OnN„S„C„H„ -^.  Although  phosphorus  does 
not  seem  to  be  a  component  of  the  base,  it  may  never- 
theless be  a  constituent  of  the  electro-negative  group 
of  the  muscle-molecule,  and  the  complete  formula  of  the 
unit  may  be  -  0„N„S„PuC„H„  +  (§  159,  §  160).  The  in- 
troduction of  sulphur  as  a  constituent  does  not  modify 
the  fundamental  principle  of  function,  neither  does  it 
alter  the  character  of  its  nutritional  or  waste  elements. 
All  molecules  by  their  immolecular  forces  assume  the 
spherical  form  when  not  distorted  by  extrinsic  force. 
When  the  sarcomere  is  relieved  of  pressure  by  the  elas- 
tic sheath  it  assumes  the  form  which  the  intrinsic  forces 
direct.  This  is  shown  by  the  tonicity  of  the  muscle, 
and  is  based  upon  the  elasticity  of  the  muscle-molecule, 
enabling  it  to  recover  its  spherical  form  when  the  force  of 
distortion  is  removed.  Although  a  form  of  contraction 
tonicity  rests  on  a  dififereut  principle  from  contractility. 
Tonicity  is  a  manifestation  of  elasticity,  whilst  con- 
tractility is  fundamentally  a  polarization  of  the  sar- 
comere. 

The  active  force  of  the  unit  resides  in  the  anisotropic 
substance  and  is  negative  in  the  quality  of  its  inductive 
potential,  '  The  induced  field  is  mainly  positive.  How- 
ever, the  diflference  of  potential  quality  does  not  induce 
chemic  reaction.  Moreover,  when  chemic  action  takes 
place  it  is  initiated  by  the  potentials  of,  and  occurs 
between  the  elements  of  the  induced  fields  (§  159);  and 
the  nutrition  of  the  muscle-molecule  is  accomplished 
by  extrinsic  pleasure. 
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Under  physiologic  conditions,  and  when  the  muscle 
is  at  rest,  the  elastic  fibers  of  the  sheath  distort  the 
muscle-molecule  and  its  induced  field  so  that  the  field 
does  not  uniformly  surround  the  molecule.  They  are 
comprised  within  longer  and  narrower  boundaries. 
Thus  the  property  of  elasticity  of  the  sheath  is  an  im- 
portant factor  in  the  endowment  of  the  muscle  with  the 
property  of  contractility.  If  the  elastic  sheath  did  not 
lengthen  and  flatten  the  muscle-molecule  and  its  in- 
duced field  there  could  be  no  contractility,  as  without 
distortion  by  the  elastic  fibers  the  uuit  would  retain 
the  form  which  its  inherent  forces  direct,  and  there 
could  be  little  further  shortening  of  the  muscle  when 
stimulated  by  an  excitant  to  polarization  of  its  molec- 
ular units. 
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Fig.  96. 
Muscular  uuits  or  sarcomeres:    a,  free  without  <li<itortion,  as  in  tonicity; 
B,  distorted  by  clastic  aketith  and  at  rest;  C,  polarized  during  contrac- 
tion. 


1S3.  The  fact  of  the  elasticity  of  the  sheath  distorting 
the  muscular  unit  accounts  for  the  readiness  of  the 
muscle  to  contract  slightly  and  readily  when  tlie 
sheath  is  weakened  or  cut  across,  as  manifested  by  the 
property  of  tonicity.  We  have  mentioned  two  proper- 
ties of  the  muscle-unit,  that  of  being  capable  of  distor- 
tion, whicli  takes  place  when  subjected  to  the  elastic 
force  of  the  sheath  ;  and  that  of  elasticity,  which  gives 
it  the  power  to  assume  the  globular  form  when  the 
distorting  force  is  weakened  or  withdrawn,  and  which 
manifests   itself  in  the   tonicit}'^  of  the   muscle.     The 
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most  important  property  of  the  sarcomere,  however, 
is  its  power  of  modifying  its  form  when  subjected 
to  an  external  exciting  force.  This  force  may  be 
nervous,  electric,  thermic  or  mechanical,  and  the  re- 
sponse is  known  as  the  property  of  contractility. 

There  is  absolutely  no  means  of  explaining  the 
property  of  contractility  of  muscular  tissue,  except  by 
assuming  that  the  ultimate  sarcous  elements  or  sar- 
comeres are  capable  of  molecular  polarization.  The 
high  potential  and  the  environment  of  the  anisotropic 
molecule  are  favorable  to  polarization  (§  174,  §  1S5). 
It  has  been  pointed  out  that  in  crystallization  the 
molecules  become  polarized  and  the  crystallized  mass 
assumes  a  definite  and  characteristic  form;  so,  also,  in 
the  contraction  by  polarization  of  muscle-units,  the 
muscle  assumes  its  distinctive  form.  When  a  muscle 
contracts  it  becomes  round,  hard  and  tense,  and  this 
change  depends  on  the  condition  of  the  sarcomeres. 
Each  anisotropic  molecule  is  under  a  condition  o^ strain, 
is  polarised,  becomes  spherical  with  equipotential  hemis- 
pheres (§  149)  and  with  diffeiential poles  and  differential 
polar  fields. 

The  irritant  may  affect  a  number  of  units  instan- 
taneously, that  is,  initiatory  units  of  a  number  of  sar- 
costyles,  consequently  simultaneous  polarization  of 
sarcostyles  takes  place.  The  intense  induced  field  of 
the  polarized  unit  is  an  excitant  to  the  adjoining  unit, 
therefore  the  contraction  or  polarization  is  propagated 
IS  a  wave.  The  impulse  is  conveyed  from  one  unit  to 
another  by  the  induced  polar  field  of  the  first  unit 
stimulating  the  proximate  unit.  There  is  no  actual 
contact  between  the  anisotropic  molecules,  any  more 
than  there  is  contact  between  the  primary  and  second- 
ary coils  of  a  faradic  battery,  and  the  means  of  induction 
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or  polarization  is  through  the  induced  fields  in  both 
instances  (§  67,  §  29). 

184.  As  molecular  polarization  favors  dissociation, 
elimination  occurs  from  the  construction  of  the  aniso- 
tropic molecule,  of  positive  and  negative  ions,  probably 
oxygen,  carbon  and  hydrogen.  These  ions  are  held  in 
the  polar  grasp  of  the  anisotropic  molecule  as  long  as 
the  physiologic  unit  is  polarized.  Polarization  being 
effected  by  a  rearrangement  of  the  atoms  within  the 
molecule,  in  a  high  potentialed  molecule,  groups  of 
ether-units  or  chemic  atoms  are  eliminated  rather  than 
return  to  their  former  placement.  The  energy  repre- 
sented by  the  dissociated  atoms  is  equal  to  the  ex- 
penditure of  energ}'  by  the  molecule  polarizing,  and  to 
the  amount  of  energy  absorbed  by  the  corresponding 
nutrition  (§  146,  §  147). 

When  the  anisotropic  molecule  undergoes  polariza- 
tion, and  assumes  symmetrical  hemispheres  of  specific 
dimensions,  it  absorbs  material  in  molecular  propor- 
tion. This  absorption  is  analogous  to  water  imbibed 
by  crystallizable  substances  as  the  water  of  crystalliza- 
tion. The  imbibition  from  the  surrounding  plasma  is 
not  effected  by  heat,  as  suggested  by  Engelmanu,  as 
heat  is  produced  after  the  depolarizing  act.  During 
depolarization  the  ions  unite,  probably  forming  COj 
and  HjO,  hence  the  heat. 

The  ether  changes  that  take  place  are  the  absorption 
of  ether  into  the  induced  fields  of  ions,  and  the  setting 
free  of  molecular  ether  as  heat  through  the  union  of 
the  ions  as  simple  compounds. 

The  shortening  and  thickening  of  the  muscle  is  pro- 
duced by  polarization  of  the  anisotropic  molecules  with 
equipotential  hemispheres,  and  qualitatively  differential 
and  quantitatively  equipotential  poles  and  polar  induced 
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fields,  thus  overcoming  the  elasticity  of  the  sheath  or 
sarcolemiua ;  and  this  is  rendered  possible  by  high 
concentrative  and  inductive  potentials  of  the  anisotropic 
molecule,  and  its  being  imbedded  in  the  isotropic  sub- 
stance, from  which  it  is  furnished  molecules  of  polar- 
ization (§  146,  §  149)  and  molecules  of  nutrition. 

We  have  seen  in  the  faradic  battery  an  initiatory  force 
entering  an  iron  core  and  emerging  multiplied  b}'  the 
inherent  potential  of  the  iron  molecule.  The  molecule 
wherein  resides  contractility  has  a  much  larger  poten- 
tial than  the  iron  molecule,  so  that  a  slight  initiatory 
force  passing  into  the  uniscle  is  similarly  multiplied  by 
the  inherent  potential  of  the  molecule.  This  is  spent  in 
propagating  the  contraction  wave  and  overcoming  the 
resistance  which  it  meets  in  its  progress. 

1S5.  Relationship  of  the  Anisolro/>ic  Molecule  to  the 
Isotropic  Suhstance.  Polarization  is  evidently  the  im- 
portant fundamental  principle  of  contractility.  The 
polarization  of  the  ether  molecule  is  rendered  possible 
bj'  ether  having  no  frictional  properties,  consequently 
an  ether  molecule  has  perfect  freedom  in  the  modifica- 
tion of  its  form  (§  3S).  The  vibration  or  polarization 
of  an  ordinary  molecule  of  ponderable  matter  is  made 
possible  by  its  being  surrounded  by  iutermolecular 
ether,  thus  giving  the  molecule  a  free  field.  The 
environing  conditions  of  the  anisotropic  or  muscle- 
molecule  are  equally  plain.  The  anisotropic  molecule 
is  imbedded  in  the  serai-fluid  isotropic  substance,  giv- 
ing the  former  perfect  freedom  as  regards  polarization 
and  modification  of  its  form.  Tlie  isotropic  substance 
fills  up  the  free  vibrator}'  space  of  the  polarizing  aniso- 
tropic molecule,  and  occupies  a  position  analogous  to 
iutermolecular  ether  in  the  latter's  relationship  to  a 
vibratory  ponderable  molecule.     But  the  isotropic  sub- 
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Stance  possesses  other  functions.  It  supplies  the  aniso- 
tropic molecule  with  associating  molecules  of  polariza- 
tion, an  essential  to  the  accomplishment  of  polarization 
or  contractility,  just  as  the  water  of  crystallization  is  to 
the  crystallization  of  certain  salts. 

What  are  these  molecules  of  polarization  which  are 
necessary  to  the  polarization  of  the  anisotropic  mole- 
cule, aud  therefore  to  contractility?  It  is  probable 
that  they  consist  of  calcium  carbonate  or  sodium 
chloride,  or  some  other  soluble  salt.  They  are  associ- 
ated and  dissociated  as  molecules^  no  chemic  change 
taking  place.  These  associating  molecules  may  be 
diflferent  for  voluntary  and  involuntary  muscles;  and 
may  even  differentiate  according  to  the  potential  of 
individual  muscle-units. 

The  transformation  of  force  is  as  follows :  The  aniso- 
tropic molecules  are  polarized  by  an  initiatory  exciting 
force  and  by  their  inherent  potential,  the  latter  being 
the  greater  and  more  important.  The  act  of  polariza- 
tion results  in  the  formation  of  ions.  The  anisotropic 
molecules  consequently  must  have  lost  in  potential, 
that  is,  in  the  number  of  atoms  in  their  construction. 
Independently,  therefore,  of  the  dissociated  molecules 
of  depolarization  (§  160),  ions  must  be  given  off  from 
the  constituencies  of  the  anisotropic  molecules.  It  has 
been  stated  lliat  these  are  probably  carbon,  hydrogen 
and  oxygen  (§  162,  §  163). 

Accordingly  the  function  of  the  isotropic  substance 
is  important.  It  furnishes  the  associated  molecules  of 
polarization  to  the  anisotropic  molecule,  and  also  fur- 
nishes molecules  to  build  up  the  anisotropic  molecule 
after  the  latter  has  lost  potential  by  polarization.  The 
latter  is  a  niitritive  process,  and  is  accomplished  by 
combustion  of  nutritive  molecules  within  the  isotropic 
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substance.  Consequently  the  function  of  the  isotropic 
substance  is  three-fold.  //  forms  the  vibratory  space  of 
thf  anisotropic  molecule,  holds  in  solution  associating 
moUcnks  of  polarizalioTi,  and  is  a  storehouse  of  nutrition. 
Generally,  the  principle  of  the  transmutation  of 
force  connected  with  functional  activity  is  the  splitting 
up  of  molecules  into  ions,  associating  molecules  as 
nutrition  and  dissociating  ions  as  waste;  these  ions 
combining  in  simpler  forms  set  free  energy — ether 
from  the  polarized  induced  field  of  higher  potentials — 
the  freed  energy  radiating  as  heat  or  circulating  as 
electricity ;  or,  under  favorable  conditions  the  ions  witb 
the  energy  may  be  stored  in  other  molecules  (§   2oS^ 

§  159)- 

Electric  Properties  of  Muscle 


186.  Scientific  experiments  conducted  by  able  in- 
vestigators, such  as  du  Bois  Reymond,  Hermann^ 
Mateucci,  Bernstein  and  other  physiologists,  have  fur- 
nished elementary  facts  whereby  conclusions  may  be 
arrived  at  as  to  the  character  of  nerve  and  muscular 
action. 

It  has  been  shown  by  du  Bois  Reymond  that  there 
are  body  currents,  which  are  the  resultant  of  individual 
currents,  differences  of  potentials  existing  between 
various  parts  of  the  body,  the  elbow  being  positive  to 
the  hand,  and  the  chest  to  the  foot.  The  hand  is 
sometimes  positive  to  the  foot  and  sometimes  the  re- 
verse (§  153). 

Currents  0/  Rest.  Du  Bois  Re3^mond  demonstrated 
that  a  muscular  strip  under  certain  conditions  and 
when  intercalated  iu  a  circuit  is  the  seat  of  an  electro- 
motive  force  capable   of  deflecting  the   galvanometer 
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needle,  and  that  such  deflection  is  directly  proportional 
to  length  and  thickness — dimensions — of  the  inter- 
calated muscular  tissue.  He  showed  that  the  muscle- 
current  is  coiucident  with  the  physiological  properties, 
being  dependent  upon  the  maintenance  of  the  normal 
metabolism ;  that  the  current  lessens  as  the  processes 
of  retrogression  go  on,  and  when  rigor  mortis  is  estab- 
lished ceases  entirely.  He  also  found  that  within  cer- 
tain limits  the  electro-motive  force  is  increased  by  heat 
and  decreased  by  cold,  according  to  the  degree  of 
influence  on  the  vitality  of  the  muscle. 

Du  Bois  Reynioud  demonstrated  that  muscular  con- 
traction according  to  its  intensity  and  duration  decreases 
the  muscle-current.  This  is  shown  by  stimulation  of 
the  nerve  supply  of  the  muscle  by  an  interrupted  cur- 
rent when  the  muscle  is  intercalated  in  a  galvanometer 
circuit. 
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Fig.  97. 
Schematic  Representatiou  of  Current*  of  Rest. 

187.  Fig.  97  shows  shema  representing  piece 
muscle  with  normal  longitudinal  surfaces,  b  E  B,  and 
two  artificial  cross  sections,  B  A  B.  The  line  E  E  shows 
position  of  equator.  The  arrows  show  direction  of  the 
positive  current  when  the  indicated  points  of  different 
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potential  are  connected.  The  broken  lines  connect 
points  having  the  same  potential  and  giving  no  current. 
If  the  points  marked  by  similar  letters  are  connected 
there  will  be  no  current ;  whilst  the  connection  of  those 
marked  by  dissimilar  letters  will  furnish  a  current. 

By  removal  of  the  tendons  at  the  end  of  a  cylindrical 
muscle  a  piece,  prismatic  in  form,  with  a  natural  longi- 
tudinal and  two  transverse  artificial  surfaces,  is  ob- 
tained (Fig.  97).  If  the  longitudinal  and  transverse 
surfaces  are  connected  in  a  conducting  circuit,  in  which 
there  is  a  galvanometer,  it  will  be  found  that  in  every 
instance  the  positive  electricity  passes  fnnii  the  muscle, 
through  the  longitudinal  surface,  thence  through  the 
circuit.  It  is  found  that  the  greatest  electro-motive 
force  exists  when  one  electrode  is  placed  at  the  middle 
or  equator  of  the  longitudinal  surface,  and  the  other  at 
the  center  of  a  transverse  artificial  surface;  and  that 
according  to  the  variations  from  these  points  the  cur- 
rent will  be  diminished. 

Prof.  Hermann  maintained  that  in  an  absolutely 
uninjured  passive  muscle  currents  are  not  demonstra- 
ble, and  that  the  muscle-current  ujanifestations  were 
owing  to  a  difference  of  potential  created  by  the  injured 
surface  of  the  muscle. 

188.  Explanations  of  the  phenomena  attending  cur- 
rents of  rest  are  as  follow  :  The  negativity  of  the  point 
of  excitation  of  a  muscle  and  the  positivity  of  the  other 
end  of  the  wave  are  caused  bj'  the  negative  potential  of 
the  muscle-unit,  the  anisotropic  molecule  having  a 
negative  inductive  potential  which  dominates  the  sar- 
comere. The  muscle-umt  excited  turns  its  positive  pole 
toward  the  greater  part  of  the  muscle  mass  which  has  a  free 
negativity  {%  155)-  Each  muscle-unit  has  a  positive 
stimulus  within    the   muscle    excepting   the  initiatory 
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unit.     It  follows  that  the  natural  extrinsic  stimulus  is 
also  positive. 

With  an  artificial  surface  and  a  natural  surface 
united  in  circuit  the  point  of  excitation  is  alwa^'s  on 
the  injured  surface.  When  a  piece  of  muscle  with  arti- 
ficial surfaces  is  placed  within  a  circuit,  a  current  will 
be  produced  in  the  circuit  from  the  potential  of  the 
molecules,  providing  there  is  an  excitation  point,  and 
providing  the  position  of  the  pole  varies  in  relation  to 
mass-negativity.  If,  for  instance,  the  centers  of  two 
artificial  surfaces  are  connected  (Fig,  97,  .-v),  the  nega- 
tive mass  in  front  of  either  pole  is  equal  in  dimensions 
to  that  in  front  of  the  other  pole;  and  at  both  points  the 
ether  in  the  induced  fields  of  the  reacting  molecules 
tends  to  a  negative  potential — isoelectric — the  positive 
ether  at  both  points  being  equally  attracted  toward  the 
negative  mass,  consequently  there  is  no  current.  This 
is  an  analogous  condition  to  that  of  a  galvanic  cell 
without  a  negati\'e  (copper)  plate,  or  with  two  zinc 
plates,  and  the  reactions  in  the  cell  and  those  within 
the  isotropic  field  are  identical  in  character.  On  the 
other  hand,  if  the  muscle-mass  varies  dimensionally  in 
its  relative  position  to  the  poles  there  will  be  a  current, 
as  the  differeuce  of  mass-attraction  will  create  a  dif- 
ference of  potential  in  the  circuit.  This  current,  called 
the  current  of  rest,  is  directly  proportional  to  the  num- 
ber of  molecules  of  high  potential  within  the  circuit. 
The  current  is  a  manifestation  of  chemic  action  taking 
place  between  the  nutritive  molecules  in  the  isotropic  sub- 
stance and  the  oxygen  in  their  induced  fi^-l  Isy  and  does 
not  depend  upon  the  polarization  of  the  disc.  The 
positive  nutritive  molecules  such  as  the  hydro-carbons 
and  proteids  and  the  negative  oxygen  furnish  the  essen- 
tial elements  of  combustion,  and  readily  react  when 
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resistance  to  the  escape  of  energy — ether  from  induced 
fields — is  lessened  (§  43). 

When  heat  is  applied  to  a  muscle  placed  within  a 
circuit  the  radiating  ether-molecules  are  split  up,  as  in 
the  thermo-electric  cell,  thus  re-enforcing  the  current  of 
rest  (§  103). 

When  the  elastic  pressure  of  the  sheath  is  maintained 
and  the  muscle  is  excited  to  action,  such  action  will 
lower  the  molecular  potential  of  the  nutritive  elements, 
and  the  subsequent  muscle-current  of  rest  will  decrease 
accordingly. 

An  absolutely  uninjured  muscle  will  not  furnish  cur- 
rents of  rest  because  there  is  no  excitation  point,  the 
discs  being  protected  by  an  indifferent  substance,  which 
also  acts  as  an  insulator,  thus  breaking  the  circuit. 

The  muscle  current  depends  on  the  potentials  of  the 
molecular  elements  in  the  anisotropic  substance,  but 
even  after  the  muscle  is  removed  from  the  body,  met- 
abolic changes  between  the  elements  of  the  muscle- 
plasma  will  take  place,  thus  furnishing  a  current. 

1 89.  Negative  Variation  Current.  Du  Bois  Rey- 
mond  discovered  that  if  the  normal  longitudinal  surface 
and  an  injured  transverse  surface  of  a  muscle  were 
connected  with  a  galvanometer,  and  the  muscle  stimu- 
lated to  tetany,  the  galvanometer  needle  will  swing 
back  towards  zero,  where  it  remains  during  stimulation. 
He  called  this  the  negative  variation.  It  continues  as 
long  as  the  muscle  is  tetanized.  When  the  stimulus  to 
the  muscle  is  withdrawn  the  current  of  rest  manifests 
itself  in  the  usual  direction  but  lessened  in  quantity 
according  to  the  duration  of  the  stimulus. 

The  so-called  negative  variation  is  simply  a  lessening 
or  absolute  negation  of   the  current  of  rest  by  a  coutin- 
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uoiis  polarization  ot  the  muscle-units  by  tetanizing  the 
muscle. 

During  polarization  the  elements  of  the  induced  fields 
are  held  fast  at  the  poles  of  each  muscle-unit  and  are 
prevented  from  chemic  reaction  by  being  in  the  posses- 
sion of  a  greater  force.  Consequently  the  molecules  of 
nutrition  which  furnish  the  rest-current,  and  the  waste- 
elements  which  furnish  the  action-current,  being  within 
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Record  or  changes  io  electric  potential  in  a  tetanized  injured  muscle  of  a 
fro(i.  The  leading  off  iion-polarizable  eleclrotles  connectetl  with  the 
capillary  electrometer  tuucbed  the  normal  longitudinal  and  injured  cnt 
surface  of  the  muscle.  The  muscle  was  tetanized  by  an  induction 
ciirrent  applied  to  ii«  dcrve,  the  rate  of  interruptions  being  aio  per 
second.  A  rise  of  the  curve  indicates  an  electric  change  of  opposite 
direction  to  thaft  caused  by  the  injury.  The  diminution  of  the  current 
of  injury,  which  was  less  than  in  some  other  experiments,  was  o.ooH 
volt.  The  time  record  at  the  bottom  of  the  curve  was  obtained  from  • 
tuning  fork  luakiug  503  double  vibrations  per  srcoud.  \Aj'ter  Burdon 
ttaniierton.) 

the  grasp  of  the  polarizing  current-influence — tetanized 
— cannot  furnish  potential  for  another  current.  During 
each  relaxation  of  the  tetanized  condition  depolarization 
takes  place.  This  will  free  potential  for  an  action- 
current.  However,  this  current  may  not  be  recorded, 
owing  to  the  mechanical  impossibility  of  the  needle  fol- 
lowing the  frequencies  of  the  variations,  as  in  the  case  of 
faradic  currents;  and  the  ious  of  waste  may  be  collected  at 
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the  terminals  of  the  neurone  through  the  influence  of 
the  tetanizing  current ;  or  collected  at  the  poles  of  the 
tetanizing  current. 

190.  Action  Currents.  The  term  action  currents  has 
been  applied  by  Hermann  to  currents  produced  while 
the  muscle  is  contracting.  He  divided  them  into  phasic 
and  tetanic. 

When  the  muscle  is  excited  so  as  to  produce  a  single 
contraction  the  point  of  excitation  becomes  negative, 
the  opposite  poitit  of  the  wave  positive,  and  the 
lirection  of  the  current  produced  accords  with  the  char- 
acter of  these  electrifications.  This  is  the  first  phase. 
Immediately  following  this  is  a  current  in  the  opposite 
direction,  which  is  the  second  phase.  Therefore  the 
current  is  diphasic.  When  the  muscle  is  in  a  tetanic 
state  the  waves  follow  each  other  so  closely  that  a  single 
current  is  produced,  the  direction  of  which  coincides 
with  the  first  of  the  phasic  currents.  During  the  pro- 
duction of  the  tetanized  current  the  point  of  excitation 
is  negative  to  any  other  point  in  the  muscle,  as  shown 
when  the  points  are  connected  in  a  galvanometer 
circuit. 

When  the  muscle  is  excited  through  the  nerve,  and 
the  tendinous  ends  are  connected  with  a  galvanometer, 
the  action  is  shown  to  be  diphasic.  The  first  excita- 
tion-wave, according  to  Hermann,  proceeding  from  the 
nerve  or  middle  of  the  muscle,  towards  the  ends — 
atterminal — and  the  second  reversely — abterminal.  The 
latter  is  always  the  weaker,  and  absent  when  there  is 
an  artificial  transverse  section. 

Du  Bois  Reymond  and  Hermann  succeeded  in  dem- 
onstrating that  the  voluntary  contractions  of  muscle  in 
the  living  were  attended  by  electrical  changes,  similar 
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to  those  in  a  muscle  removed  from  the  body  and  de- 
scribed as  action  currents. 

Ma3'er  demonstrated  that  when  the  tendons  of  the 
gastrocnemius  muscle  were  connected  with  a  galvanom- 
eter, and  a  single  stimulus  applied  through  the  ner\'e, 
diphasic  currents  took  place,  and  that  the  excitation 
wave  proceeded  from  the  end  plate  of  the  nerve.  Dur- 
ing the  first  phase  the  lower  end  of  the  muscle  was 
positive,  and  during  the  second  phase  the  upper  end 
became  positive. 

191.  When  a  muscle  contracts  the  anisotropic  mole- 
cules are  polarized  and  ions  are  eliminated  at  the  poles. 
On  depolarization  the  ions  form  simple  compounds  and 
ether  is  set  free.  When  the  muscle  is  enclosed  in  a 
circuit  the  ether  escapes  as  a  current  of  electricity,  this 
path  offering  less  resistance  than  that  of  heat  radiation. 
The  leading  off  point,  which  is  negative  (§  iSS),  gives 
direction  to  the  wave  of  contraction  and  to  the  current 
constituting  the  first  phase.  The  second  phase  of  a 
current  from  a  single  contraction  is  concurrent  with 
depolarization  of  the  discs,  the  current  being  directed 
by  the  negativity  of  the  muscle-mass,  and  not,  as  in  the 
first  phase,  by  a  polarized  mass.  The  phases  are  an- 
ologous  to  the  closed  and  open  periods  of  induced  cur- 
rents. The  first  phase  is  a  dissociation  of  the  ether 
within  the  intermolecular  spaces  of  the  circuit  caused 
by  the  polarization  of  the  muscle — the  closed  period  of 
induction.  The  second  phase  is  depolarization  or 
neutralization  of  the  polarized  ether  of  the  first  phase 
■ — open  period  of  induction  (§  St) — reinforced  by  ether 
set  free  by  union  of  ions  of  waste.  In  tetany  the 
energies  pertaining  to  the  muscle  are  held  fast  by  the 
tetanizing  current,  the  intermolecular  ether  of  the 
circuit  however  is  disturbed. 
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When  a  muscle  is  excited  by  nerve  action  the  point 
of  excitation  becomes  negative  because  the  end  plate  is 
positive,  and  because  the  muscle-mass  is  electro-nega- 
tive, as  before  explained  (§  188). 

Hermann's  experiment  showing  that  the  first  phase 
of  the  wave  proceeds  from  the  nerve-plate  towards  the 
ends — atterminal — and  Mayer's  experiment  that  one 
end  of  the  muscle  is  negative  and  the  other  positive, 
show  that  the  point  of  excitation  under  those  condi- 
tions was  negative  as  to  the  wave  toward  one  end, 
probably  toward  the  larger  portion  of  the  muscle,  and 
positive  as  to  the  wave  proceeding  to  the  other  end  of 
the  muscle,  the  muscle-units  polarizing  in  uniform 
direction  throughout  its  mass.  This  is  the  only  way 
in  which  a  current  could  flow  iu  the  circuit-  The 
larger  mass  of  the  muscle  directs  the  current  and 
causes  its  end  to  be  positive,  during  the  first  phase; 
or,  if  the  direction  of  the  positive  part  of  the  current 
is  followed,  it  proceeds  from  the  point  of  excitation 
towards  the  end  of  the  muscle  having  the  greater  mass, 
throughout  the  circuit  to  the  other  end,  and  from  this 
back  to  the  point  of  excitation.  The  negative  current 
starting  from  the  same  point  proceeds  in  the  opposite 
direction. 

The  electric  properties  of  muscles  may  be  stated 
thus: 

/.  Rest-current,  derived  from  chemic  reactions  be- 
tween nutritional  molecules  and  the  oxygen  iu  their 
induced  fields,  both  being  elements  of  the  isotropic 
substance. 

2.  Action-currents,  from  energy  set  free  by  union 
of  ions  of  waste  dissociated  from  anisotropic  mole- 
cules;   or  from  disturbance  of  intermolecular  ether 
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within  circuit,  by  polarization  of  the  muscle  as  part 
of  the  circuit. 

J.  Negative  variation,  caused  by  the  potentials  of 
the  muscle-unit  being  taken  possession  of  by  extrin- 
sic force;  or  by  a  polarized  mass  giving  differential 
direction  to  a  current  from  that  given  by  a  resting 
negative  mass. 


Electric  Proi'Ertiks  of  Nerves 

192.  The  similarity  between  the  electric  properties 
of  nerves  and  those  of  muscles  is  so  striking,  not 
only  in  experimental  facts,  but  in  governing  principles, 
as  to  be  suggestive  of  a  common  histological  basis  for 
the  two  structures. 

Rest  Currents.  To  du  Bois  Re)'mond  belongs  the 
credit  of  discovering  electric  currents  in  nerves.  When 
a  section  of  a  nerve  is  made,  with  a  natural  longi- 
tudinal surface  and  two  artificial  transverse  surfaces,  it 
will  show  electric  properties,  under  the  same  condi- 
tions, similar  to  those  of  the  muscle-cylinder.  The 
electro-neural  and  the  eleclro-muscular  phenomena, 
and  the  laws  governing  the  phenomena  are  similar  or 
identical  throughout,  as  far  as  the  smaller  transverse 
surface  of  the  nerve  will  allow  experimental  research. 
The  same  law  governing  the  polarit}'  of  the  current 
applies  to  nerve  currents  as  to  muscle  currents — 
the  excited  point  becomes  negative,  the  positive  molec- 
ular pole  being  attracted  towards  the  negative  nerve- 
mass. 

After  the  artificial  surface  of  the  nerve  cylinder  has 
lost  its  irritability  a  new  section  will  renew  the  electro- 
motive force.     Excessive  heat  or  cold,  induction  shocks 
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and  other  influences,  by  hastening  chemic  changes, 
diminish  the  nerve-current. 

In  the  muscle  rigor  mortis  stops  the  current  en- 
tirely; in  the  nerve,  this  physiologic  change  being  ab- 
sent, the  current  decreases  gradually.  The  nerve 
fibers  of  the  brain  lose  their  potential  first,  then  the 
fibers  in  the  spinal  cord,  and  lastly  the  nerve  trunks. 
The  potential  disappears  in  the  direction  from  the 
center  to  the  periphery.  Hermann  denied  that  cur- 
rents of  rest  existed  in  a  nerve  which  was  entirely 
uninjured,  regarding  all  parts  as  isoelectric. 

193.  Negative  Variation.  When  the  transverse  and 
longitudinal  surfaces  of  a  section  of  nerve  trunk  are 
connected  in  a  galvanometer  circuit,  and  tetanic  stimu- 
lation made,  the  ueedle  will  at  once  swing  back  to  zero, 
manifesting  the  negative  variation,  as  in  the  muscle. 
Chemic,  mechanic,  or  thermic  stimulus  of  the  nerve 
within  the  circuit  will  also  cause  a  negative  variation. 
Physiologic  sensory  nerve-impulses  have  been  found 
to  produce  negative  variation.  Light  falling  on  the 
retina  of  a  frog's  eye  was  found  to  cause  negative  vari- 
ation in  the  optic  nerve. 

An  interesting  experiment  made  bjr  du  Bois  Rey- 
mond  showed  that  strychnin  poisoning  will  produce  a 
negative  variation.  He  divided  the  sciatic  nerve  of  a 
frog  at  the  knee,  and  freed  it  from  its  connections  up 
to  the  spinal  cord,  and  theu  connected  the  transverse 
with  the  longitudinal  surface  in  circuit.  Strychnin 
was  then  administered  to  the  animal.  During  the 
spasms  the  galvanometer  showed  the  negative  varia- 
tion. This  experiment  demonstrated  that  ph3'siologic 
stimulation  of  spinal  centers  produces  the  variation. 

Bernstein  showed  that  negative  variation  is  com- 
posed of  a  large  number  of  single  variations  in  rapid 
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succession — the  current  being  propagated  in  the  form 
of  a  wave,  estimated  at  eighteen  millimeters  in  length, 
and  of  a  duration  of  0.0007  of  a  second. 

194.  AciioH  Currents.  The  fundamental  facts  of 
action,  currents  in  nerves  are  similar  to  those  in  mus- 
cles. The  stimulated  point  of  a  normal  nerve  becomes 
negative,  and  the  wave  passes  along  the  nerve  trunk 
in  both  directions.  The  change  is  diphasic,  as  in  a 
muscle.  Various  chemicals,  such  as  salt,  glycerine,  or 
mechanical  excitation  will  act  as  irritants,  but  electric 
currents  most  readily  call  forth  responses,  Macdonald 
and  Reed  observed  currents  of  action  in  the  phrenic 
nerve  corresponding  in  time  to  respiratory  movements. 
When  a  nerve  is  excited  in  the  middle  the  activity 
spreads  in  both  directions,  causing  contraction  of  a 
muscle  at  one  end,  and  negative  variation  at  the  other, 
as  observed  in  a  galvanometer. 

After  Currents.  The  passage  of  the  galvanic  cur- 
rent through  a  nerve  produces  a  polarization  which 
furnishes  a  potential  capable  of  giving  an  after  or 
polarized  current  when  the  galvanic  current  is  with- 
drawn. If  a  galvanometer  is  within  the  circuit  of  the 
polarized  current,  the  extent  and  direction  of  the  after 
current  is  subject  to  galvanometric  observation.  When 
the  galvanic  or  electrotonic  current  is  strong  and  of 
short  duration,  the  after  current  has  the  same  direction 
as  the  galvanic;  on  the  other  hand,  when  the  polar- 
izing current  is  weak  and  of  long  duration,  the  after 
current  takes  the  opposite  direction. 

Extra  polar  regions  also  develop  after  currents.  The 
after  curreut  in  the  anodal  region  is  at  first  in  the  same 
but  afterwards  in  the  opposite  direction  to  the  anelectro- 
tonic  current ;  whilst  the  after  current  from  the  cathodal 
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area  is  always  in  the  direction  of  the  catelectrotonic 
current. 

195.  Molecules  of  very  high  potential  are  ever  ready 
to  reconstruct  under  a  lower  potential.  The  sarcomere 
and  neuromere  contain  all  the  essential  elements  for 
snch  reconstruction  (§  158).  It  must,  however,  be 
kept  in  view  that  on  undergoing  analytic  reactions 
there  is  a  resistance  to  be  overcome.  It  is  true  that 
the  same  number  of  atoms  exist  in  the  reconstructed 
molecules  as  there  were  previously  in  the  molecule  of 
high  potential,  but  by  reconstruction  they  have  partly 
neutralized  their  potentials,  and  their  induced  fields 
have  been  circumscribed  (§  41,  §  42),  with  the  evolu- 
tion of  energy.  Under  reconstruction,  if  heat  is  emitted 
its  radiations  encounter  resistance;  if  the  energy  be- 
comes an  electric  current  there  is  still  a  resistance.  It 
is  this  resistance  that  holds  molecules  of  high  potential 
iu  balance,  and  assists  them  in  maintaining  their  po- 
tency. The  fact  of  the  chemic  action  only  taking  place 
in  certain  batteries  when  in  closed  circuit  will  illustrate 
this  idea. 

When  there  is  no  injury  to  nerve  structure,  al- 
though placed  in  circuit  there  is  loo  much  resistance 
for  an  electric  current,  as  an  indifferent  substance  is 
intercalated  in  circuit ;  and  there  is  no  exciting  point 
to  assist  in  the  molecular  polarization.  When  the 
electrodes  are  placed  on  two  injured  transverse  surfaces 
of  a  nerve,  the  mass-negativity  iu  front  of  each  elec- 
trode being  equal,  there  is  no  polarization,  and  therefore 
no  current.  In  this  case  the  negative  poles  of  the 
niolecules  of  the  nerve  iu  contact  with  both  electrodes 
tend  to  turn  respectively  towards  their  proximate  elec- 
trode, a  condition  incompatible  with  a  current.  The 
ether  in  the  induced  fields  of  the  molecules  from  which 
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the  energy  is  set  free  is  attracted  isoelectrically,  and 
the  cheraic  reaction  is  thus  resisted.  Both  excited 
points  tend  to  a  negativity,  and  the  positivities  are 
equally  attracted  towards  the  negative  mass. 

When  a  nerve  is  tetanized  the  ions  of  waste,  and  the 
molecules  which  furnish  them  and  the  nutritional 
molecules  and  the  oxygen  in  their  induced  fields,  are 
held  in  the  grasp  of  the  polarizing  current  through  its 
initiatory  stimulus,  and  the  molecules  vibrate  in  re- 
sponse to  the  excitation.  Consequently,  as  the  forces 
which  supply  a  rest  current  are  under  the  influeuce  of 
the  polarizing  current,   negation   of  the   rest   current 


I 


3ftl.VA"' 


,a^^^^ 


000000000 


Fig.  99. 

Molecules  of  high  potential  within  «  circuit.  They  are  id  equilihtitim 
and  furnish  no  current.  The  iiirluccd  fields  of  the  molecules  are  not 
represented,  but  they  contain  all  the  elements  of  combustion. 

takes  place.  The  combined  forces,  those  of  the  polar- 
izing current  and  those  set  free  from  the  muscle-units, 
are  transformed  into  heat,  polarized  at  the  poles  of 
the  polarizing  current,  or  at  the  polar  terminals  of  the 
neurone ;  or  they  furnish  a  current  in  the  opposite 
direction  to  a  rest  current  (§  191). 

In  Fig.  99,  there  are  represented  molecules  of  high 
potential  in  circuit,  many  thousands  of  atoms  in  the 
molecule  and  these  having  large  inductive  negativity. 
In  this  position  there  is  no  current,  as  the  mass-nega- 
tivity attracts  equally  the  positive  pole  of  each  excited 
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molecule  at  the  electrodes;  nor  under  such  conditions 
can  the  nutrient  elements  of  the  induced  fields  react,  as 
the  positive  element  of  the  ether  to  be  set  free  by  such 
reaction  is  equally  attracted  to  the  negative-mass  at 
both  poles.     The  conditions  are  isoelectric. 

In  Fig.  100,  there  is  represented  a  natural  longi- 
tudinal and  two  artificial  transverse  surfaces.  The 
electrode  at  the  end  of  the  line  of  molecules  is  an  ex- 
citant. The  excited  molecule  has  a  mass  of  negativity 
in  front  of  it,  therefore  it  turns  its  negative  pole  toward 
the  electrode.  This  constitutes  a  difference  of  potential 
between   the   electrodes,  and   a  current    follows    from 
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Fig.  100. 
Molecules  of  High  Potential,  in  Position  to  Furnish  a  Current. 

energy  set  free  by  a  reaction  between  the  nutrient  ele- 
ments and  oxygen  in  their  induced  fields,  the  ether 
being  split  up  and  it  elements  seeking  differential  poles. 
In  Fig.  10 1,  tetanized  molecules  are  represented, 
They  are  in  fixed  polarization.  Molecules,  and  their 
induced  fields,  ions,  and  ether  are  under  the  influence  of 
an  exciting  current  and  are  incapable  of  giving  a  rest 
current.  The  greater  force  takes  possession  of  all 
smaller  potentials.  When  there  is  sufficient  polarized 
potential  to  overcome  resistance  it  unites  at  each  mole- 
cule and  radiates  as  heat,  accumulates  as  ions  at  the 
respective  poles  of  the  polarizing  current,  or  furnishes 
an  action-current.     This   explains  negative   variation. 
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When  a  single  shock  is  given  the  molecules  they  polar- 
ize, and  on  depolarization  an  action-current  is  mani- 
fested in  the  galvanometric  circuit.  The  plus  and 
minus  signs  represent  positive  and  negative  poles  of 
the  units;  and  P,  and  n,  ions,  or  chemic  potentials  dis- 
sociated as  waste.  The  ether  is  polarized  iu  the  in- 
duced fields  of  the  potentials  of  the  ions.  Part  of  this 
ether  is  set  free  when  tlie  ions  unite,  and  radiates  as 
heat,  or  forms  an  action-curreut.     Action  currents  are 
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Fig.  101. 

TeUuized  Molecules  with  No  Rest-curreats, 

showing  Negative  Variation. 


directed  by  a  polarized  mass  and  by  the  polarizing  cur- 
rent ;  as  the  currents  of  rest  are  directed  by  a  resting 
negative  mass,  it  is  obvious  that  the  direction  will  be 
different  from  that  of  action-currents,  and  on  this  differ- 
entiation rests  negative  variation.  The  electric  prop- 
ties  of  nerves  may  be  tabulated  in  a  similar  manner  to 
those  of  muscles  (§  191),  only  polarization  of  a  ner\*e  is 
not  such  a  pronounced  disturbance  of  the  intennolec- 
ular  ether  of  a  circuit. 


CHAPTER  XIV 

Irritability  and  Conductivity 

196.  Accompanying  the  electrotonic  state  there  is  an 
alteration  in  the  irritability  and  conductivity  of  the 
nerve  whereby  the  resulting  sensation  or  muscular 
contraction  is  increased  or  diminished,  according  to  the 
strength  and  direction  of  the  galvanic  current. 

Pfluger  formulated  the  following  law:  "  If  any 
portion  of  a  nerve  be  traversed  by  a  descending  or  as- 
cending constant  current  the  excitability  of  the  intra- 
polar,  as  well  as  the  cxtrapolar,  regions  undergo  a 
change,  which  upon  investigation  is  found  to  be  </?- 
Wttreased  in  the  neighborhood  of  the  anode  and  increased 
in  ihe  neighborhood  of  the  cathode.^'' 

Diminished  excitability  —  ane led ro tonus  —  and  in- 
creased excitabilit}' — catelectrotonus — extend  on  hoth 
sides  of  their  respective  poles  for  some  distance,  but 
are  most  marked  in  the  vicinity  of  the  poles  in  the 
intra  and  cxtrapolar  portions  of  the  uervc.  The  de- 
gree of  modification  of  normal  irritability  and  length 
of  nerve  affected  depends  on  the  strength  of  the  gal- 
vanic current  and  physiological  state  of  the  nerve. 

197.  Action  of  Electric  Currents  on  Muscle.     When 

the  galvanic  current  is  sent  through  a  muscle  there  is  a 

single  short  contraction  at  the  closing  of  the  circuit, 

and  also  at  the  opening  of  the  circuit.     If  a  strong 

current  be  used  there  ma}'  be  a  prolonged  contraction, 
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which  gradually  decreases,  although  it  may  last  as 
long  as  the  circuit  is  closed;  when  the  current  is 
broken  prolonged  contraction  may  follow,  gradually 
passing  away.  The  closing  contractions  originate  at 
and  may  be  limited  to  the  region  of  the  cathode;  and 
the  opening  contractions  originate  at  and  may  be  lim- 
ited to  the  region  of  the  anode. 

When  a  weak  constant  current  is  used  no  contraction 
is  manifested,  notwithstanding  the  current  modifies  the 
condition  of  the  muscle.  In  the  region  of  the  cathode 
there  is  a  state  of  latent  excitation,  with  an  increased 
irritability  of  the  muscle;  after  withdrawal  of  the  po- 
larizing current,  this  irritability  is  decreased,  being 
less  than  before  applying  the  current.  At  the  anodal 
region  during  the  application  of  the  current  the  irrita- 
bility of  the  muscle  is  decreased;  but  after  withdrawal 
of  the  curreut  it  is  increased  to  a  degree  above  normal. 

198.  In  the  case  of  uustriated  muscle  the  closing  of 
the  anode  never  causes  a  contraction,  and  if  the  part  of 
the  muscle  under  the  anode  is  in  a  state  of  tonic  contrac- 
tion it  immediately  relaxes.  The  inhibitory  influence 
of  the  anodal  effect  on  muscle  is  seen  in  a  remarkable 
degree  when  this  pole  is  applied  to  the  heart.  If  the 
positive  pole  is  placed  on  the  ventricle  of  the  heart  of 
a  frog,  the  cathode  being  indifFerently  placed,  relaxa- 
tion is  seen  in  the  region  of  the  anode  with  each 
systole  of  the  ventricle.  When  the  anode  is  placed  on 
an  ordinary  striated  muscle  a  similar  inhibitory  influ- 
ence is  shown,  if  tonic  contraction  is  present. 

The  amount  of  irritability  developed  in  a  motor 
nerve  by  an  exciting  current  is  estimated  by  the  degree 
of  contraction  of  the  muscle.  In  testing  the  eff"ect  of 
the  galvanic  curreut  on  nerve  or  muscle  it  is  better  to 
use  a  small  active  electrode  and  a  large  indifferent  one. 
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The  contraction  is  produced  during  a  modification  of 
the  current;  only  very  strong  galvanic  currents  will 
otherwise  effect  a  contraction. 

199.  There  is  in  using  the  anode  as  the  active  pole 
an  anodal  make  or  closing  and  an  anodal  break  or  open- 
ings and  the  same  with  the  cathode  as  the  active  pole. 
These  make  four  distinct  modifications  of  the  current. 
It  is  found  that  with  the  same  current  and  under  like 
conditions  each  of  these  modifications  will  produce  a 
different  strength  of  contraction  of  the  muscle  excited  ; 
or  that  to  produce  the  same  strength  of  contraction 
under  exactly  the  same  conditions  it  requires  a  dif- 
ferent amperage  for  each  modification.  It  is  found 
that  the  weakest  current  to  produce  a  contraction  is 
when  the  cathode  is  the  active  pole,  and  the  circuit  is 
closing.  The  next  is  the  closing  of  anode.  This 
is  followed  by  the  opening  of  the  anode.  Lastly  comes 
the  opening  of  the  cathode. 

200.  The  following  table  shows  the  comparative  value 
of  the  modifications  in  contracting  muscle : 


Weak  Current. 
K.  C.  C. 


Medium  Current. 

K.  C.  C. 
A.  C.  C. 
A.  O.  C. 


Strong  Current. 
K.  C.  C. 
A.  C.  C. 
A.  O.  C. 
K.  O.  C. 


The  poles,  closing  or  opening,  and  contraction  are  des- 
ignated by  letters,  thus:  K.  C.  C.  reads  "Kathode 
closing  contraction."  It  has  been  shown  that  closing 
contraction  originates  at  the  cathode,  and  the  opening 
contraction  originates  at  the  anode.  Breaking  induc- 
tion shocks  are  more  stimulating  than  makings  the  re- 
verse  being  true  of  the  constant  current.  The  break  of 
an   induction   current   is   a    depolarizing    current  and 
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meets  no  resistance  (§  Si).  The  galvanic  current  hav- 
ing larger  amperage  lias  a  more  intense  effect  in 
closing,  whilst  its  break  is  only  equal  to  that  of  the 
opening  induction  current. 

The  table  is  of  value  in  illustrating  the  electrical 
reactions  obtained  from  healthy  nerve  and  muscle.  For 
instance,  on  applying  the  cathode  to  the  ulnar  ner\"e  at 
the  motor  point  near  the  elbow,  the  anode  being  placed 
on  some  indifferent  part  of  the  body,  it  has  been  found 
that  contraction  of  the  muscles  innervated  by  it  oc- 
curred with  a  current  of  two  milliamperes  on  closing 
the  circuit;  a  current  of  three  milliamperes  was  re- 
quired to  contract  when  the  anode  was  applied  as  the 
active  pole,  and  the  circuit  closed;  from  three  to  four 
milliamperes  to  produce  an  effect  when  with  the  anode 
the  circuit  was  opened ;  while  it  required  eight  milliam- 
peres to  contract  the  muscle  when  the  circuit  was 
opened  with  the  cathode  applied  to  the  nerve. 

200.  Theory  of  Anelectrotonus  and  CateUctrotonus. 
An  explanation  of  anelectrotonus  and  catelectrotonus 
has  been  given  as  resulting  from  the  accumulation  of 
acids  at  the  positive,  and  alkalies  at  the  negative  poles 
by  the  electrolytic  action  ol  the  current.  In  support 
of  this  theorj^  is  the  physiologic  fact  that  acids  when 
applied  to  nerve  tissue  reduce  the  irritabilit}'  of  a  nerve 
arid  alkalies  increase  the  same.  The  theory  is  unsat- 
isfactory, as  it  does  not  explain  the  differential  polar 
phenomena  throughout. 

The  explanation  of  the  peculiarities  of  different  de- 
grees of  muscular  contraction,  under  the  four  modifi- 
cations of  the  current^  is  extremely  interesting  and 
extremely  simple. 

In  Fig.  102,  there  are  represented  two  lines  of  muscle- 
units,  A  and  B,  which  may  be  considered  as  belonging 
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to  dififerent  muscles,  each  having  an  electric  pole  ap« 
plied  to  its  surface ;  or  one  pole  may  be  considered  as 
active  and  the  other  as  indifferent  as  regards  any  one 
muscle.  The  molecule  of  the  contractile  substance  is 
electro-negative  when  at  rest,  and  becomes  hemispher- 
ically  equipotential  when  in  action  (§  155).  At  the 
cathode  the  negative  current  will  repel  the  negative 
part  of  the  unit  and  attract  the  positive  (Fig.  102,  d,  c), 


Fig.  103. 

Differentiatefi  volar  stimulation  :  a,  muscle-units  with  anode  as  proximate 
pole;  B,  muscle-units  with  cathcxle  as  proximate  pole;  c,  musclc-uiiil 
stiiDulntcd  by  diffused  current  from  cathtidc,  after  passing  tli rough 
body  ;  D,  musclc-unit  stimulated  by  fl  coiiccntrBted  current  at  cathode  ; 
E,  the  symbols  zh  show  neutralizatiou  of  positive  and  negative  ether 
from  the  polarizing  current  at  anode.  The  units  are  represented  in  the 
act  of  polarization,  which  is  propagated  as  a  wave  from  the  stimulated 
point.  The  poles  may  be  considered  as  on  the  cutaneous  surface; 
whilst  the  interpolar  current  and  the  neutralized  ether-units  are  withiu 
the  bodv. 


and  will  then  carry  the  positive  part  along  with  it 
towards  polarization,  thus  causing^the  point  excited  to 
be  negative.  In  this  the  negative  current  is  assisted 
by  the  potentials  of  the  negative  mass  of  the  muscle  in 
front,  which  also  attracts  the  positive  part  of  the  ex- 
cited molecules  (§  1S8).  The  negativity  of  the  muscle- 
mass  and  the  negative  current  mutually  supporting, 
it  follows  that  there  is  a  complete  polarization  of  the 
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molecules   or  physiologic    units   and    cousequeutly    an 
intense  contraction. 

At  the  anode  the  positive  potential  attracts  the  neg- 
ative part  of  the  molecule,  and  naturally  teuds  to  carry 
it  toward  polarization,  but  this  is  resisted  by  the  nega- 
tive interpolar  muscle-mass,  owing  to  this  resistance 
the  positive  current  hesitates,  and  the  muscle-element, 
and  muscle-mass  are  polarized  by  the  current  from  the 
negative  pole.  At  the  anode  polarization  in  this  case 
is  incomplete,  and  the  contraction  weak,  as  it  is  resisted 
by  the  positive  current  at  the  electrode  (Fig.  102,  a), 
aud  the  sliuiulus  is  initiated  by  a  diffuse  negative. 

It  has  been  shown  (§  46)  that  the  differential  poten- 
tials of  currents  favor  a  relatively  rapid  negative  and 
a  relatively  slow  positive  movement.  It  is  apparent 
that  with  common  media  and  consequently  similar 
resistances  muscular  contraction  will  be  effected  by  the 
negative  current,  and  that  in  the  majority  of  cases  the 
negative  is  the  active  pole  independently  of  its  position. 
If  the  cathode  is  placed  contiguously  to  the  muscle 
the  latter  receives  the  full  force  of  the  current  on  clos- 
ing, before  it  is  diffused.  If  the  cathode  is  placed 
indifferently  the  current  is  diffused  through  the  body 
and  only  part  of  it  passes  through  the  muscle. 

As  in  the  vacuum  tube,  the  currents  passing  through 
a  muscle  meet  and  neutralize  at  the  anode,  and  the 
negative  potential  passes  through  the  budj*  as  the 
cathode  rays  pass  through  the  tube,  although  the 
method  of  coudnction  is  different.  On  opening  the  cir- 
cuit different  conditions  prevail.  The  position  of  the 
break  in  the  circuit  must  be  a  factor  of  importance.  It 
can  be  readily  demonstrated  that  when  a  body  charged 
inductively  is  divided  and  removed  from  the  electric 
influence,  that  the  parts  are  differentially  charged;  and 


200 


IRRITABILITY  AND  CONDUCTIVITY 


305 


i 


in  some  instances  a  charge  may  be  left  on  tissues  inter- 
calated in  a  galvanic  circuit  when  the  latter  is  broken. 
Bearing  in  mind  that  the  currents  neutralize  at  the 
anode,  it  is  apparent  that  anodal  opening  by  removing 
the  anode  from  the  surface,  leaves  the  tissues  nega- 
tively charged.  Thus  the  muscle  is  stimulated  by  a 
reverse  negative  current  neutralizing  within  the  gal- 
vanic cell.  On  the  other  hand,  on  cathodal  opening, 
by  removing  the  cathode  from  the  surface,  the  tissues 
are  not  charged  and  the  contraction  is  produced  by 
depolarization  accompanied  with  the  neutralization  of 
ions. 

It  would  appear  that  the  factors  in  the  production 
of  differential  degrees  of  muscular  contraction  by  cur- 
rents are: 

/.  Concentration  of  the  negative  current  on  en- 
tering the  muscle,  the  contraction  wave  proceeding 
from  the  cathode — cathodal  closing. 

2.  Diffusion  of  the  negative  current  on  entering 
the  muscle,  the  contraction  wave  proceeding  from 
cathode — anodal  closing. 

J.  Reverse  negative  current,  reinforced  by  energy 
set  free  by  neutralization  of  ions,  stimulating  the  mus- 
cle, the  muscular  wave  proceeding  from  the  anode — 
anodal  opening  by  removal  of  positive  electrode. 

4.  Energy  set  free  by  neutralization  of  ions  accom- 
panying a  general  depolarization  in  the  tissues,  the 
contraction  wave   proceeding  from  the  anode — catho- 
dal  opening  by  removal  of  negative  electrode. 
The  rule  prevails  that  static  potentials  produce  con- 
verse  results   to    those    of  kinetic    potentials.      Thus 
chemic  positive  potentials,  positive  static  charges,  and 
negative  current  potentials  are  stimulant;  whilst  chemic 
negative  potentials,  negative  static  charges,  and  posi- 
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tive   current    potentials    are   sedative   to   the  function_ 
of  physiologic  units. 

When  the  galvanic  current  establishes  a  path  th~ 
current  is  carried  by  molecular  vibration  without  dis- 
turbing the  muscular  discs,  except  when  very  large 
currents  are  used.  The  equilibrium  of  the  muscular 
elements  is  not  disturbed  and  there  is  no  contrac- 
tion when  there  is  no  modification  of  the  current. 
The  current-vibration  passes  through  the  Isotropic  sub- 
stance, the  induced  field  of  the  anisotropic  molecule, 
and  the  vibrator}^  action  of  the  former  resists  the  polar- 
ization of  the  latter.  A  molecule  cannot  polarize  with 
its  induced  field  in  possession  of  another  and  greater 
force.  On  the  other  hand,  a  muscle  during  contraction 
will  hardly  be  an  electric  conductor,  as  two  forces  can- 
not occupy  the  same  field.  The  contraction  is  pro- 
duced by  the  current  striking  the  muscle,  not  by 
passing  through  it,  although  the  initiatory  disc  is  prob- 
ably electrically  charged,  the  contraction  wave  being 
propagated  as  if  initiated  by  other  stimuli. 

The  iucreased  excitability  of  a  muscle  under  the  in- 
fluence of  a  weak  cathodal  application  is  explainable  on 
the  basis  of  the  conception  of  a  re-enforcement  of  nor- 
mal polarization  by  the  cathodal  application;  and  the 
decreased  excitability  on  the  withdrawal  of  the  current 
as  a  result  of  electrolysis  of  the  tissues  during  the 
application.  At  the  auode  the  current  opposes  normal 
polarization  during  the  application,  hence  a  lessened 
excitability;  and  when  the  current  is  broken  the  anions 
(oxygen)  and  cations  (hydrogen  and  carbon)  unite  at 
the  auode,  because  the  cations  are  the  lighter  atoms. 
Thus  the  energy,  as  heat,  set  free  at  the  anode  in- 
creases the  irritability  of  the  muscle  as  it  does  when 
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heat  is  applied  externally.  This  energy  also  excites 
the  muscle  on  breaking  the  circuit. 

201.  Action  of  Galvanic  Current  on  Nerve.  On  ap- 
plying a  galvanic  current  to  a  part  of  a  nerve  there  is 
a  modification  of  the  nerve  current — the  current  pro- 
duced by  a  part  of  a  nerve  in  separate  galvanometric 
circuit  (§  192).  There  is  also  a  modification  of  the 
irritability  of  the  nerve — its  physiologic  response  to 
stimuli.  The  modification  of  the  properties  of  the 
nerve  has  been  called  elcctrotonus. 

In  this  respect  the  galvanic  current  has  been  termed 
the  polarizing  airrctii,  and  the  modified  nerve  current 
has  been  named  the  eleclrotonic  current.  Experiments 
indicate  that  when  the  galvanic  current  is  flowing 
through  a  limited  portion  of  a  nerve,  all  other  portions 
exhibit  the  presence  of  electrotouic  currents,  which  are 
related  to  the  galvanic  current. 

It  has  been  found  that  the  polarizing  current  pro- 
duces a  different  modification  of  the  nerve  current,  and 
of  nerve  irritability,  at  the  galvanic  anode  from  that 
produced  at  the  cathode.  The  modification  at  the 
anode  is  called  anelectrotonus^  and  that  at  the  cathode 
catelectrotouus. 

Elcctrotonic  Currents.  The  nerve  current  of  anelec- 
trotonus  slowly  reaches  its  maximum  and  slowly  de- 
clines; on  the  other  hand,  catelectrotonic  current  rises 
quickly  and  quickl}- declines.  The  anelectrctouic  cur- 
rent has  a  direction  toward  the  polarized  region,  and 
the  catelectrotonic  current  is  directed  from  the  polar- 
ized region.  Both  follow  immediately  the  closing  of 
the  galvanic  circuit  and  depart  on  opening. 

Electrotouic  currents  increase  iu  strength  with  the 
polarizing  current  uutil  they  reach  a  degree  that  at- 
tacks the  integrity  of  the  nerve-structure.     They  are 
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Strongest  in  the  region  of  the  electrodes  of  the  constant 
current,  decreasing  outwards  from  the  polarized  region, 
the  distance  affected  depending  upon  the  strength  of 
galvanic  current  and  the  physical  condition  of  the 
nerve.  The  aneleclrotonic  current  is  greater  than  the 
catelectrotonic  current,  and  both  are  increased  by  em- 
bracing within  the  interpolar  space  a  greater  part  of 
the  nerve,  with  a  corresponding  increase  of  the  polar- 
izing current. 

Electrotonic  currents  depend  on  a  modification  of 
nerve  structure  by  the  polarizing  current,  and  are  not 
merely  a  diversion  of  the  polarizing  current  into  the 
galvanometric  circuit.  This  has  been  proved  by  sub- 
stituting wet  thread  and  other  material  for  nerve 
tissue. 

After  the  galvanic  current  is  withdrawn  the  gal- 
vanometer will  show  an  after  current^  the  direction  of 
which  varies  according  to  the  strength  and  duration  of 
the  previous  galvanic  current.  When  the  galvanic 
current  is  strong,  and  short  in  duration,  the  after  cur- 
rent has  the  same  direction  as  the  polarizing  current. 
When  the  polarizing  current  is  long  in  duration,  and 
weak  in  strength,  the  after  curi'ent  is  the  reverse  in 
direction  to  the  polarizing  current.  After  currents  are 
also  present  in  extra  polar  regions,  a  remarkable  feature 
of  which  is  that  on  opening  the  galvanic  circuit,  the 
anodic  after  current  at  fir.st  accords  in  direction  to  that 
of  the  auelectrotonic  current,  followed  by  a  change  in 
the  oppo.site  direction ;  on  the  other  hand,  an  after 
current  from  the  cathodic  region  is  always  directed  in 
the  same  way  as  the  catelectrotonic  current. 

202.  In  Fig.  103  a  line  of  physiologic  molecules 
or  units  is  represented,  stimulated  by  a  galvanic  or 
polarizing  current.     The  negative  current  is  shown  as 
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charging,  at  the  cathode,  an  approximate  nerve-mole- 
cule or  neuromere  and  at  the  same  time  attracting  its 
positive  constituents.  As  the  negative  charge  travels 
towards  the  anode  the  unit  polarizes  with  a  negative 
leading  off  point.  It  thus  acts  with  normal  polariza- 
[tion   of  the   nerve.     It  is  clear   that  if  the  negative 
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Fig.  103. 

lastrating  f;alvanic  curreuts  passing  ihrougb  organic  striicture.4  and 
initiatiog  a  neural  wave,  with  electrotoaic  aud  after  currents.  The 
anode  and  cathode  are  placed  on  the  surface,  but  the  inlerpolar  part  of 

.the  figure  illustrates  action  taking  place  within  the  tissues. 

potential  were  static  it  would  attract  and  hold  the  posi- 
tive hemisphere  of  the  unit,  and  thus  act  against 
normal  polarization.  When  the  initiatory  unit  is 
!  polarized  the  polarization-wave  proceeds  independently 
H  of  the  current,  the  latter  taking  a  path  through  adjoin- 
ing structures,  as  in  muscular  contraction.     Further, 
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it  is  clear  that  the  polarization  or  conduction-wave  is 
initiated  by  a  direct  charge,  and  not  by  induction,  as  a 
negative  current  acting  inductively  gives  a  positive 
leading  off  point,  as  shown  in  Fig.  29.  Moreover,  in 
Lott's  experiment  (§  237)  the  cells  are  movable  and  are 
attracted  inductively  to  the  anode,  and  when  positively 
charged  move  with  the  current  towards  the  cathode. 
The  fundamental  difference  between  the  movements  of 
spermatozoa  and  muscular  or  neural  waves  evidently 
rests  ou  the  motility  of  the  spermatozoa  and  the  fixit}' 
of  the  xinits  of  muscular  or  nervous  tissue. 

The  polarizing  current  neutralizes  in  the  neighbor- 
hood of  the  auode  as  shown  b}'^  the  symbols  —  at  that 
pole;  consequently  that  part  of  the  circuit  is  where 
heat  is  mostly  developed.  The  heat — molecular  ether 
— may  be  transformed  into  part  of  the  electrotonic  cur- 
rent {§  103).  The  ions  resulting  from  galvanic  action 
are  shown  as  H,  and  o,  at  their  respective  poles,  and 
are  produced  from  tissues  adjoining  the  line  of  molecules 
shown  in  the  figure.  The  ions,  with  the  heat  produced, 
represent  the  work  done  by,  and  are  commensurate  in 
potential  with  the  energy  of  the  galvanic  current  (§  55). 
But  just  as  a  slight  irritant,  as  a  ray  of  light,  will  set 
up  disintegration  in  a  nerve  incomparably  greater  than 
the  exciting  force,  so  the  galvanic  current,  acting  as 
an  excitant  to  nerve  tissue,  must  produce  dissociation 
bej'ond  its  measure  of  force  (§  172).  The  e.xtra  ions 
produced  represent  the  inherent  force  of  molecules  of 
high  potential,  and  are  designated  by  the  letters  P, 
and  N.  The  union  of  the  ions  sets  free  energy  desig- 
nated by  -  between  the  units  which,  under  proper 
conditions,  constitutes  action  or  electrotonic  currents. 
They  do  not  collect  at  the  poles  of  the  galvanic  cur- 
rent, because  that  current  has  its  force  fully  occupied 
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by  its  own  electrolytic  work.  They  unite  during  the 
flow  of  the  polarizing  current  at  the  moment  of  depolar- 
ization of  individual  molecules,  and  the  energy — ether 
— eliminated  circulates  in  the  galvauometric  circuit, 
because  that  course  offers  less  resistance  than  that 
encountered  by  the  energy  radiating  as  heat. 

The  course  of  the  electrotonic  current  is  directed  by 
the  inducing  influence  of  the  galvanic  current,  and  is 
therefore  in  the  opposite  direction  to  the  polarizing 
current.  It  has  been  pointed  out  that  the  polarizing 
positive  current  is  opposed  to  the  normal  polarization 
of  an  organic  unit,  and  that  the  negative  polarizing 
current  assists  normal  polarization.  This  accounts 
for  the  anelectrotonic  current  reaching  its  maximum 
slowly  and  slowly  declining  in  comparison  with  the 
catelectrotonic  current.  The  anelectrotonic  current  is 
greater  than  the  catelectrotonic  current  because  part 
of  the  polarizing  current  is  evolved  as  heat  (Fig.  103) 
at  the  anode.  This  heat  is  converted  into  an  anelec- 
trotonic current,  that  being  the  course  of  least  resist- 
ance to  its  radiation  (^  103).  Extrapolar  electrotonic 
currents  demonstrate  that  the  whole  nerve  is  excited 
to  action,  as  it  is  by  other  excitants.  When  the  polar- 
izing current  is  withdrawn,  the  ions,  H  and  o  (Fig.  103), 
unite  and  energy  is  set  free  which  again  excites  the 
whole  nerve,  and  inter  and  extrapolar  after  currents 
result. 

The  direction  of  after  currents  is  in  the  opposite 
direction  to  the  exciting  current,  just  as  a  polarized 
current  is  opposite  to  the  galvanic  (§  88).  But  after 
currents  have  two  factors:  (i)  Energy  set  free  by 
union  of  ions  (h  and  o,  Fig.  103)  produced  by  the 
polarizing  current  and  circulating  in  galvauometric 
circuit.     This  current  causing  nerve  action  :     (2)  Ions 
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produced  by  such  nerve  action  unite  and  set  free  en- 
ergy which  becomes  a  current.  Hence  after  currents 
have  different  directions. 

Extrapolar  after  currents — energy  set  free  by  the 
union  of  ions  of  nerve  waste — take  a  direction  according 
to  the  polarity  of  the  tissues,  and  according  to  the  polar- 
ity of  potentials  created  in  the  interpolar  region.  As  the 
ions  (H  and  o,  Fig.  103),  unite  at  the  auode  the  energy 
set  free  inauifests  as  an  anodal  after  current  followed 
by  a  current  from  the  ions  of  nerve  waste.  It  is 
evident  that  these  anodal  after  currents  will  give  dif- 
ferent directions  to  extrapolar  anodal  after  currents ; 
whilst  extrapolar  cathodal  currents  follow  the  latter 
direction,  there  being  only  a  current  from  the  ions  of 
nerve  waste  at  this  pole.  This  explains  the  differen- 
tial directions  of  extrapolar  after  currents. 

Electrotouic  currents  are  valuable  in  demonstrating 
the  difference  between  the  potentials  of  molecules. 
They  show  that  a  molecule  of  low  potential  when  decora- 
posed  by  the  galvanic  current  furnishes  results  exactly 
commensurate  with  the  polarizing  current,  whereas 
molecules  of  very  high  potential  when  under  the  influ- 
ence of  the  galvanic  current  show  the  energ3'^  of  the 
current  as  transformed  into  the  chemic  potential  of 
ions,  or  the  potential  of  heat;  but  also  the  independent 
and  inherent  potential  of  molecules  as  transformed 
into  heat  or  electric  potentials.  The  importance  of 
this  is  that  it  shows  when  the  nerve  is  excited  physio- 
logically, or  by  other  irritants,  the  same  independent 
energy  is  set  free  (§  153).  The  only  difference  being 
that  the  freed  energy  when  converted  into  an  electro- 
tonic  current  is  influenced  in  direction  by  the  galvanic 
current. 
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Applications  of  the  galvanic  or  polarizing  current  to 
a  nerve  produce  electrotonic  currents  as  follow: 

/.  Anelectrotonic  currenLs  produced  by  energy  set 
free  by  union  of  ions  of  nerve  waste;  and  by  heat 
generated  by  neutralization  of  the  polarizing  current 
at  the  anode. 

2.  Catelectrotonic  currents  produced  by  energy 
set  free  by  union  of  ions  of  waste. 

J.  Interpolar  after  currents  produced  by  energy 
set  free  by  union  of  ions  resulting  from  electrolysis 
of  the  tissues;  and  by  energy  set  free  by  union  of 
ions  of  nerve  waste,  the  nerve  being  again  excited  by 
the  electrolytic  current. 

^.  Extrapolar  electrotonic  currents,  and  after  cur- 
rents resulting  from  energy  set  free  by  union  of  ions 
of  nerve  waste. 

Furthermore,  when  tissues  are  polarized  by  a  suffi- 
cientl}'  strong  galvanic  current,  and  are  at  the  same 
time  intercalated  in  another  (galvauometric)  circuit, 
the  intermolecular  ether  of  the  latter  is  inductively 
disturbed,  as  shown  by  action-currents  manifested 
simultaneously  with  polarization  of  the  muscle.  Wheu 
it  is  borne  in  mind  that  the  potentials  of  currents,  pass- 
ing through  the  body,  must  be  neutralized  according 
to  the  law  of  forces,  it  will  be  readily  conceived  that 
the  galvanic  current  sets  up  inductive  disturbances  of 
far  reaching  character,  although  these  are  only  mani- 
fested when  the  tissues  affected  are  placed  within 
independent  galvauometric  circuits. 
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203.  When  a  nerve  is  in  action  each  physiologic 
molecule  or  neuromere  is  alternately  polarizing  and 
depolarizing.  Polarization  is  effected  at  the  expense 
of  dissociation  of  atoms  from  the  nerve  molecule  which 
represents  the  nerve  waste.  The  atoms  dissociated 
consist  of  equal  or  nearly  equal  valencies  of  positives 
and  negatives,  and  they  are  eliminated  from  the  molec- 
ular construction  at  their  respective  poles.  They  are 
held  in  the  polar  areas  during  the  polarization  of  the 
molecule  (§  82).  Immediately  on  depolarization  the 
atoms  are  free  to  act  according  to  their  chemic  affin- 
ities. In  general  the  freed  atoms  immediately  unite, 
probably  forming  carbon  dioxide  and  water — CO,  and 
H;,0 — with  secondary  reactions  (§  160).  Carbon  is 
considered  as  a  positive  element,  but  its  inductive  po- 
tential is  of  slight  positive  quality  (§36,  §  37),  and  it 
ma}'  be  equatorial  having  merely  passive  potential. 
Thus  there  are  dissociated  from  the  physiologic  unit, 
as  a  result  of  the  polarizing  act,  elements  which  when 
combined  give  a  resultant  which  is  slightly  electro- 
negative. The  energy  set  free  has  already  been  con- 
sidered (§  160).  When  this  energ}'  becomes  heat  it 
has  an  important  bearing  on  the  metabolic  changes  in 
the  tissues  by  raising  the  temperature  and  pressure. 

204.  The  production  of  ozone  by  the  electric  current 
is  anabolism  with  an  increased  potential  of  concentra- 
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tiveness  (§28,  §  33).  The  ether  atoms  of  the  current 
unite  to  form  an  ether  molecule — heat — which  acts  oti 
a  molecule  of  oxygen  and  disrupts  it,  as  in  the  first 
step  of  electrolysis  (§  51),  and  the  ether  is  absorbed 
in  the  increased  interspaces  of  the  atoms  or  sub- 
molecules.  In  the  next  step  the  dissociated  oxygen 
atoms  attach  themselves  to  other  oxygen  molecules. 
The  o/one  molecule  thus  formed  has  an  increased 
potential  of  concentrativeness  measured  by  diatomic 
oxygen  as  a  standard  of  equilibrium,  but  energy  is 
evolved — ether  is  set  free  from  inter- 
spaces— b}-  the  oxygen  atoms  or 
ions  uniting  with  oxygen  molecules. 
The  reaction  is  similar  to  that  of 
sulphur  uniting  with  oxygen  (§  34). 
It  is  an  instance  of  oxygen  being 
burned  in  its  own  atmosphere.  The 
transformation  of  energy  is  as  fol- 
lows: The  electric  current — atomic 
ether — is  converted  into  heat — mol- 
ecular ether — which  is  momentarily 
absorbed  by  the  ions  of  oxygen,  but 
again  radiates  with  a  re-enforcement  from  the  inter- 
spaces of  oxygen  when  ozone  is  formed. 

205.  By  lowering  molecular  potential  in  the  sub- 
stance of  the  sun  large  quantities  of  ether  constantly 
are  being  set  free.  The  freed  ether  disturbs  by  dis- 
placement the  equilibrium  of  matter,  and  sets  up  ether 
activities  throughout  space.  The  exposure  of  a  leaf  of 
a  plant  to  these  ether  activities  creates  a  difference  of 
potential  in  different  parts  of  the  plant,  and  a  current 
of  molecular  ether — heat — is  initiated  from  the  higher 
to  the  lower  thermic  potential.  As  an  increased  re- 
sistance is  met  the  ether  stream  must  find  lodgment  in 
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the  intermolecular  spaces  in  the  plant's  structure.  It 
selects  carbonic  dioxide  and  water  as  oifering  the  least 
resistance  to  molecular  change.  The  enlargement, 
however,  of  the  intermolecular  spaces  of  these  sub- 
stances is  resisted  by  the  plant's  tenaciousuess  and 
cohesiveness  and  by  atmospheric  pressure.  Under 
these  conditions  what  takes  place  is  expressed  in  the 
foUowiug  formulae: 

6  (CO2)  +  5  H.,  0  =  C,  H,„0.  +  6  (O,). 

The  ether  enters  the  carbon  dioxide  molecules  and  dis- 
rupts them,  aud  under  pressure  the  carbon  is  forced 
into  combination  with  the  water,  the  five  molecules  of 
water  and  six  atoms  of  carbon  forming  one  molecule  of 
starch.  The  oxygen  of  the  six  molecules  of  carbon  di- 
oxide occupies  the  space  that  the  latter  occupied  before 
disruption,  but  with  increased  intermolecular  ether, 
owing  to  larger  interspaces  (§  29,  §  t,T)).  Six  atoms  of 
carbon  and  five  molecules  of  water  have  been  pressed 
into  one  with  an  increased  potential  of  coucentrative- 
ness.  Carbon  being  equatorial  or  positive  and  water 
being  positive,  starch  must  also  be  positive.  The  ether 
has  been  absorbed  into  the  induced  fields  and  inter- 
spaces of  molecules  of  higher  potential.  What  has 
taken  place  is  that  ether  has  been  depolarized  by  the 
loss  of  molecular  potential  in  the  sun,  and  has  been 
absorbed  into  interspaces  or  polarized  in  the  induced 
fields  of  molecules  of  high  potentials  on  the  earth's 
surface.  It  is  asserted  that  the  presence  of  chlorophyll 
is  necessary  for  this  action  to  take  place.  If  this  is 
correct  chlorophyll  then  acts  as  an  enz5'me  (§  211). 
The  presence  of  chlorophyll,  however,  may  be  inci- 
dental and  not  essential. 
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206.  Although  ill  animal  life  chemic  changes  are 
chiefly  katabolic  in  character,  yet  there  are  many  im- 
portant anabolic  processes  going  on  in  the  metabolism. 
Between  the  blood  or  the  innumerable  storehouses  of 
energy  throughout  the  body  and  the  nerves  and  mus- 
cles, metabolic  changes  are  continually  occurring,  which 
can  be  explained  by  the  law  that  molecules  tend  to 
reform  under  a  lower  potential,  or  the  law  of  equi- 
poteutial  surfaces  (§  S,  §  162),  Molecules  of  high 
potential  dissociating  by  this  law,  under  a  certain 
degree  of  pressure,  and  in  the  presence  of  other  mole- 
cules of  greater  stability,  will  produce  anabolic  changes 
in  the  latter.  In  animal  organism,  evidently  under 
the  immediate  supervision  of  the  nervous  system, 
certain  metabolic  changes  take  place,  which  in  the 
total  are  anabolic  in  character,  and  which  have  an  addi- 
tional fundamental  principle  as  a  factor  in  the  causality 
of  change.  The  factor  referred  to  is  molecular  polar- 
ization. 

207.  Molecular  Polarization.  It  has  been  shown  that 
conduction  of  nerve  force  is  accomplished  by  alternate 
molecular  polarization  and  depolari/ation  (§  174),  and 
that  polarization  favors  dissociation  of  the  molecule 
polarized  (§  157).  Further,  it  has  been  shown  that 
nature  by  a  change  in  the  environment  of  a  funda- 
meutal  histological  element  produces  phenomena  of 
entirely  diverse  character  (§  221). 

The  nerves  that  supply  glandular  structure  are  ef- 
ferent. Being  such,  in  what  way  do  the}'  differ  from 
motor  nerves  ?  There  is  no  reason  to  suppose  that  in 
structure  and  in  the  character  of  the  impulses  con- 
veyed they  differ  from  other  efferent  nerves.  Moreover, 
the  secreting  elements  of  a  gland  and  the  contracting 
elements  of  a   muscle   may   be   histogeueticall}'   iden- 
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tical,  having  a  common  origin.  Again,  if  all  efferent 
nerves  convey  the  same  impulses,  the  summations  of 
these  impulses  in  the  muscles  and  in  the  glands  may 
have  a  common  principle.  There  is  reason  to  believe 
that  all  efferent  nerves  produce  their  differential  effects 
through  the  common  principle  of  polarization  of  the 
physiologic  units  or  molecular  elements  of  the  struc- 
ture acted  upon. 

Microscopical  work  conducted  recenth'  indicates  that 
the  secretory   nerve   fibers  terminate  in  a  plexus  be- 
tween and  around  the  epithelial  cells,  from  which  it 
may  be   inferred  that   the  gland-cells  are  acted  upon 
directly  by  the  nerve  impulses.     These  nerve  impulses 
therefore   must  polarize   the  uuits   of  the  gland-cells, 
just  as  the  sarcomeres  are  polarized,  and  during  polar- 
ization certain  positive  and  negative  elements  are  dis- 
sociated.    The  character  of  these  elementary  ions  may 
be  judged  from   the   molecular  character   of  the   cell 
structure.     The  formula  of  the  cell-unit  may  consid- 
ered as: — O  N  P  C  H  +.     Sulphur  has  been  added  as 
an  element  to  the  base  of  the  muscle-unit  (§  1S2.)     The 
most  negative  element — oxygen — will    appear   at   the 
negative  pole  of  the  unit,  and  the  most  positive  ele- 
ments— hydrogen    and    carbon — at    the   positive    pole 
(§  160).     In  fact,  the  cell  body  will  act  exactly  as  if  it 
were  part  of  the  exciting  nerve,  and  the  polarization 
of  the   nerve    and  of  the    gland-cell   will   in   no  way 
differ,   only  in   the  larger  chemic  and  physical  effect 
produced  on  the  part  of  the  gland-cell.     Neither  will 
polarization  of  the  gland-cells  differ  from  polarization 
of  the   muscle-cells,  only,  in  those  differential  results 
arising  from  the  fact  of  the  muscle-cells    undergoing 
distortion    and   compression    previous  to  polarization, 
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and  in  the  sequential  physiologic  conditions  depend- 
ing on  different  environment. 

208.  The  result,  then,  of  nerve  action  on  the  gland- 
cells  is  dissociation  of  certain  positive  and  negative 
atoms  from  the  structure  of  the  cell-unit.  The  ions 
eliminated  are  in  the  nascent  state,  and  will  take  one 
of  the  following  courses : 

/.  They  may  combine,  forming  simple  compounds. 

2.  They  may  react  on  salts  that  may  be  present. 

J.  By  anabolism  they  may  be  incorporated  into 

adjoining  carbohydrates  or  proteid  bodies. 

The  course  will  be  influenced  by  the  character  of  the 

proximate   material   and   bj'    the   degree   of  pressure 

essential  to  the  metabolic  change. 
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Fig.  105. 
Gland-cell  Polarization. 

209.  In  Fig.  105,  A  represents  the  peripheral  ter- 
minal of  a  sensory  nerve — the  glosso-pharyngeal  or 
lingual;  b,  a  cerebral  center;  and  c,  the  terminal  of 
an  efferent  nerve — the  chorda  tympani — in  contact  with 
an  epithelium  or  gland-cell.  The  spheres  indicate 
polarization  of  units  in  the  protoplasm  of  a  gland-cell 
in  a  ciliary  or  linear  form;  the  morphology  of  the 
cytoplasm  being  modified  in  other  gland-cells.  The 
polarized  potential  at   the   terminal,  c,  will   produce 
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polarization  of  the  cell ;  and  positive  and  negative  ions, 
p  and  N,  at  the  respective  poles  of  the  cell-units,  are 
dissociated  every  time  the  cell  polarizes.  These  ions 
are  oxygen,  carbon  and  hydrogen.  If  the  gland-cell  is 
bathed  in  a  solution  of  sodium  chloride  the  following 
reactions  will  take  place: 

(Na  CI).,  -f-  O,  +  C  +  Hj  =  Na,  COs  +  (H  CI),. 

The  above  formula  will  explain  the  presence  of  hydro- 
chloric acid  in  the  stomach  during  digestion,  the 
sodium  chloride  being  furnished  by  the  blood,  and  the 
ions,  ox^'geu,  carbou  and  hydrogen,  by  gland-cell 
action.  If  the  same  gland-cell  be  placed  in  the  liver 
and  surrounded  by  glycogen  the  reactions  will  be  as 
follows : 

Cg  HhA  +  O,  +  C+  H,  =  Cg  H,20«  +  CO,. 

The  CO2  is  held  loosely  in  combination  with  the 
secretion  of  the  liver,  and  the  glucose  is  taken  up  by 
the  blood.  In  the  stomach  the  sodium  carbonate  passes 
to  the  blood  and  the  hydrogen  chloride  to  the  gastric 
cavity.  The  question  has  often  been  propounded : 
Why  does  not  the  gastric  secretion  digest  the  stomach? 
Simply  because  it  is  protected  by  the  ions  dissociated 
during  gastric  activity;  also  by  the  osmotic  force  of 
gland-polarization  which  sends  the  elements  of  secretion 
into  the  gastric  cavity-  When  this  propelling  and 
repelling  influence  is  stopped  01  weakened  the  gastric 
juice  attacks  the  stomach,  hence  gastric  ulcers.  Ap- 
parently the  polar  arrangement  prevailing  in  glands  is 
the  negative  pointing  inward  toward  the  blood  current, 
and  the  positive  pointiug  outward  toward  the  surface, 
the  chemical  reactions  determining  the  character  of  the 
secretion ;  but  there  is  no  reason  why  glands  should 
not  have  the  reverse  order  of  polarization,  the  nerve 
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filament  or  other  stimulus  approaching  the  gland-cell 
from  a  different  direction;  and  furthermore  the  two 
orders  of  polarization  may  obtain  in  the  structure  of 
the  same  organ. 

If  the  gland-cell  is  surrounded  by  proteids,  under  the 
proper  degree  of  pressure,  the  ions,  carbon,  hydrogen 
and  ox5'gen,  are  forced  into  the  molecule  of  the  proteid 
and  the  gl3^co-proteid  mucin  is  thus  formed.  The 
formed  material  of  shells^  nails  and  bones  are  produced 
by  COi  being  ionized  by  nerve  action,  and  the  ions 
uniting  with  the  calcium  of  the  blood. 

210.  It  is  clear  that  auabolism  taking  place  in  a 
gland  will  be  modified  by  the  inlensity  of  nerve  action — 
number  of  ions — bj'  the  character  of  the  substance  derived 
from  the  blood  which  is  acted  upon  by  the  ions,  and  by 
the  degree  oj  pressure  within  the  gland.  The  factors 
modifjnng  pressure  are  number  of  ions,  arterial  tension, 
and  rigidity  of  the  connective  tissue  of  the  gland.  The 
chief  factor  in  the  differentiation  of  the  blood-elements 
passing  through  the  gland  is  the  polarity  of  the  gland 
(Fig.  105,  §  I,  §226). 

If  a  nucleo-proteid  is  placed  within  the  gland,  and 
the  pressure  regulated  by  the  construction  of  the  gland, 
and  the  temperature  by  nerve  action,  clearly,  the  ions 
will  be  forced  into  the  molecular  construction  of  the 
nucleo-proteid.  Thus  ptyalin,  pepsin,  trypsin  and 
other  enzymes  may  be  produced  by  a  slight  differen- 
tiated action  resulting  from  a  modification  of  one  or 
more  of  the  above  factors.  Obviously  the  nervous 
system  has  two  distinct  functions  in  connection  with 
glandular  action.  It  regulates  the  amount  of  blood 
reaching  the  gland  by  means  of  the  sympathetic;  and 
modifies  the  elements  of  the  blood  passing  through  the 
gland   by  means  of  cerebral  nerves,  the   modification 
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being  produced  by  ions,  the  result  of  nerve  action, 
which  are  incorporated  into  the  molecular  construction 
of  the  blood  elements  present  in  the  gland,  thus  raising 
their  potential. 

211.  Enzymes.  Enzymes  are  unorganized  ferments. 
Living  ferments,  such  as  the  yeast  plsnt  and  bacteria, 
are  spoken  of  as  organized  ferments.  The  exact 
chemic  composition  of  enzymes  is  unknown.  They 
are  probably  proteids,  and  consist  of  carbon,  hydrogen, 
nitrogen  and  oxygen,  and  perhaps  sulphur  or  phos- 
phorus. Enzymes  have  been  divided  into  proteolytic 
enzymes,  amylolytic  enzymes,  fat-splitting  enzymes, 
sugar-splitting  and  coagulating  enzymes. 

The  effect  produced  by  the  enzymes  is  not  in  propor- 
tion to  the  amount  of  the  enz3^me.  The  effect,  however, 
produced  increases  up  to  a  certain  maximum  amount 
of  the  enzyme,  increase  of  the  latter  above  this  point 
producing  no  further  effect.  It  is  generally  believed 
that  the  chemic  effect  produced  on  the  substance  acted 
upon  is  that  of  hydrolysis ;  that  is,  the  molecules  of 
the  substance  acted  upon  by  the  enzymes  take  up  one 
or  more  molecules  of  water. 

212.  A  great  many  theories  have  been  advanced  to 
-explain  the  action  of  enzymes  and  organized  ferments. 
Their  action  may  be  explained  as  follows:  Electric 
induction  has  already  been  referred  to  (§  65-67),  and  it 
has  been  shown  that  any  polarizable  body  within  the 
electric  field  becomes  polarized.  It  has  been  stated 
also  that  the  chemic  potential  of  a  molecule  must  have 
an  induced  electric  or  magnetic  field  (§  29).  It  is  evi- 
dent that  as  bodies  are  polarized  by  an  electric  potential, 
bodies  will  be  similarly  polarized  by  a  molecular  poten- 
tial. It  has  been  shown,  and  it  is  obvious,  that  polarization 
is  a  step  towards  disintegration.     Polarization  is  work 
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done  towards  dissociation,  and  places  a  potential  in  the 
polarized  body.  The  atoms  of  a  molecule  polarized  are 
partly  dissociated,  and  are  therefore  in  a  position  to 
unite  with  another  molecule  with  which  they  may  be 
incapable  of  uniting  under  ordinary  conditions.  Obvi- 
ously induced  polarization  is  an  important  factor  in  the 
production  of  physiological  phenomena. 

\    I    / 

~^^^: 

I  I  \ 

Fig.  106. 
An  Enzyme  and  Its  Polarized  Field. 

213.  The  enzyme-molecule  is  a  body  of  high  poten- 
tial, probably  of  negative  quality,  and  therefore  has  an 
induced  or  magnetic  field.  The  molecule  H2O  coming 
within  the  influence  of  this  field  becomes  polarized,  and 
when  under  polarization  it  is  capable  of  hydrolysis.  A 
molecule  of  cane  sugar,  also  positive,  coming  within 
the  magnetic  field  is  split  up  thus : 

C12H22O11  +  H2O  ^  Ce  H12O6  +  Ce  H12O6 
Cane  sugar  Dextrose      Levulose 

When  the  reconstructed  molecules  leave  the  induced 
field  others  take  their  place,  and  this  cycle  continues 
indefinitely,  or  until  the  enzyme  is  destroyed  by  con- 
ditions of  temperature,  or  by  coming  in  contact  with 
substances  of  strong  chemic  affinity  which  break  it  up. 

It  is  possible  that  the  process  of  hydrolysis  eflfected 
by  enzymes  may  enter  largely  iuto  the  metabolism  of 
tissues.     The  polarization   of  water  by  molecules  of 
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large  potential  bsiiig  work  done,  which  enables  the 
potential  of  other  molecules  to  accomplish  further  work. 
Whether  the  total  work  done  assumes  an  anabolic  or 
katabolic  character  depends  on  the  temperature  and 
pressure.  Thus  with  slight  pressure  the  tendency  is 
towards  katabolism,  and  with  greater  pressure  the 
changing  atoms  are  forced  to  become  constituents  of 
other  molecules — anabolism.  It  is  likely  that  other 
substances  besides  water  are  polarized  by  enzymes ; 
thus,  in  the  gastric  juice,  H  CI  may  be  thus  influenced, 
and  pressed  into  the  proteid  molecule,  resulting  in  acid- 
albumen.  It  is  probable  that  both  substances  acted 
upon  are  polarized  in  the  induced  field  of  the  enzyme, 
thus  being  prepared  for  the  anabolic  process.  Enzymes 
may  be  either  negative  or  positive  in  potential,  usually 
acting  on  molecules  of  opposite  quality. 

Thus  the  explanation  of  the  action  of  enzymes  may 
be  made  on  the  basis  of  the  fundamental  principles  of 
attraction  and  repulsion.  According  to  the  law  of 
forces  these  are:  (i)  Attraction  between  positives  and 
negatives ;  (2)  repulsion  between  negatives ;  and  (3) 
a  limited  repulsion  between  positives,  or  the  impene- 
trability of  induced  fields  to  like  forces.  In  addition, 
as  a  supervisor  of  all  reactions  there  exists  the  import- 
ant factor  of  the  molecular  spacial  equilibrium  (§  150). 
Differential  manifestations  of  the  forces  may  be  stated 
thus : 

/.  When  a  conductor  is  placed  within  an  induced 
field  of  an  electric  potential  the  former  immediately 
polarizes.  That  is,  the  units  of  the  conductor  of  op- 
posite quality  to  the  electric  potential  are  attracted, 
and  those  of  similar  quality  to  the  electric  potential 
are  repelled.     The  electric  potential  exercises  ^ push 
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or  a  pull  on  all  proximate  units  of  the  conductor, 
according  to  the  law  of  forces. 

2.  When  an  unstable  molecule  approximates  an- 
other molecule  of  opposite  potential  of  great  inten- 
sity, l)oth  molecules  polarize,  their  units  are  attract- 
ed or  repelled  according  to  the  law  of  forces,  and  if 
the  push  and  pull  are  sufficiently  strong  chemical 
dissociation  and  association  occur. 

J.  When  an  unstable  molecule  approximates  a 
molecule  of  stable  character  the  latter  exercises  a 
pull  and  push  on  the  units  of  the  former  with  a  re- 
sulting decomposition  of  the  unstable  molecule. 
The  catalytic  action  of  platinum,  gold,  silver  or 
manganese  on  hydrogen  peroxide  is  an  example  of 
this  form  of  attraction  and  repulsion. 

4.  When  a  mass  possessing  certain  molecular  po- 
tentials is  in  proxiraation  with  another  mass  having 
potentials  in  a  different  degree  or  of  opposite  quality, 
the  attractions  and  repulsions  of  the  two  masses 
tend  to  equilibrate,  nnd  if  the  physicial  conditions 
are  favorable  osmosis  takes  place.  The  units  of  the 
two  masses  mutually  exercise  a  push  and  a  pull, 
although  only  the  greater  force  may  be  manifested. 

5.  When  an  enzyme,  of  inductive  negative  poten- 
tial and  of  a  certain  constructive  stability,  is  in 
proximatiou  to  molecules  of  saccharose,  Cr..Hv-..Oii, 
and  water,  HiO,  both  of  positive  quality,  and  the  for- 
mer of  unstable  character,  the  saccharose  and  water 
molecules  are  polarized  in  the  induced  field  of  the 
enzyme,  just  as  the  conductor  is  polarized  in  the  in- 
duced field  of  the  electric  potential,  The  cnz3'me 
has  the  properties  of  a  push  and  a  pull  on  the  units 
of  the  molecules  of  the  sugar  and  the  water  accord- 
ing to  the  law  of  forces.     The  negative   inductive 
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potential  of  the  enzyme  repels  the  oxygen  and  at- 
tracts the  hydrogen  and  carbon  of  the  sugar,  and  as 
attraction  exists  between  these  elements  cleavag« 
takes  place  in  groups — the  elements  divide  into  one 
molecule  of  glucose  and  one  of  glycogen  ;  but  as  the 
polarization  of  the  water  and  the  glycogen,  and  the 
temperature  and  pressure,  favor  anabolism,  the  gly- 
cogen and  water  combine,  and  the  molecular  spacial 
equilibrium  is  maintained,  as  in  similar  anabolism 
in  the  liver  (§  300).  The  glucose  molecules  remain 
in  the  induced  field  of  the  enzyme  until  displaced  by 
extrinsic  phj'sical  action,  such  as  mastication,  when 
the  enzyme  is  ready  for  further  action. 

214.  Thyroid  Glands.  The  Thyroids  are  glandular 
structures  common  to  all  vertebrates.  Histologically 
they  are  composed  of  closed  vesicles,  lined  with  a 
single  layer  of  cuboidal  epithelium.  The  interior  of 
the  vesicle  is  filled  with  a  humeogeueous  glairy  liquid, 
the  colloidal  substance,  w^hich  is  also  found  in  the 
lymph  spaces  between  the  vesicles.  The  colloidal  ma- 
terial is  supposed  to  be  taken  up  by  the  lymphatics  and 
thus  couveyed  to  the  blood.  Its  composition  has  not 
been  distinctly  defined.  However,  it  has  been  estab- 
lished by  experimental  research  and  clinical  evidence 
that  animal  health  and  life  depend  on  the  ph^'siologic 
action  of  these  glands.  Blood-elements  have  been 
found  in  the  vesicle ;  and  in  the  lymphatics  of  the 
gland  Baber  has  found  a  viscid  substance  morpholog- 
ically identical  with  that  in  the  vesicle.  These  facts 
prove  that  osmosis  takes  place  from  the  blood  vessels 
through  the  vesicle  to  the  lymph  chauuels. 

215.  Great  interest  has  been  excited  with  regard  to 
the  function  of  this  gland,  and  a  number  of  theories 
advanced  to  account  for  its  importance  to  physiologic 
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action.  Until  the  chemistry  of  the  gland  is  better 
understood  no  satisfactory  hypothesis  can  be  advanced. 
However,  it  is  reasonable  to  conclude  that  the  thyroid 
gland-cell  acts  fundamentally  similar  to  other  epithelial 
cells:  that  they  are  polarized  by  nerve  action;  that 
carbon,  oxygen  and  hydrogen  ions  are  formed;  and 
that  by  an  anabolic  process  these  ions  are  pressed  into 
other  molecules,  thus  raising  the  potential  of  the  latter. 
Evidently  electro-positive  elements  of  the  blood  by 
osmosis  pass  inward,  are  built  up  to  a  negative  poten- 
tial by  the  ions,  and  are  repelled  outward  by  the  neg- 
ativity of  the  gland  and  by  the  osmotic  forces  of  the 
circulation. 

Some  of  the  elementary  substances  of  the  blood  there- 
fore leave  the  gland  with  an  increased  potential,  which 
is  essential  to  these  substances  in  their  function  of 
supplying  uutritiou  to  various  tissues.  Thus  they  are 
capable  according  to  the  law  of  chemic  equipotential 
surfaces  (§  8,  §  162)  to  transfer  this  potential  to  mus- 
cular and  nerve  tissue.  They  are  ships  into  which 
potential  has  been  compressed  and  which  they  unload 
at  distant  ports. 

The  economical  equilibrium  that  exists  between  an- 
abolic and  kataboHc  processes  is  maintained  by  raising 
the  potential  of  blood-elements  as  they  pass  through 
the  thyroid  gland.  On  the  other  hand,  the  functional 
elimination  of  the  gland  from  the  animal  economy  is  a 
disturbance  in  favor  of  katabolism. 

216.  It  has  been  suggested  that  the  ovaries  and 
testicles  may  have  functions  similar  to  the  thyroid 
gland,  but  this  is  not  supported  by  anatomical  evidence. 
The  following  tabulation  shows  the  main  points  of 
difference : 
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Osmosis. 


Nerve 
Endings. 


Ions. 


Results. 


Thyroid. 

From  blood  ves- 
sels tb  rough 
cell  to  lympbat- 
ics. 


1 


Epithelial  cells 
in  vesicle. 


A  c  t  on  blood- 
elements. 

Blood-elements 
hnilt  up  in  po- 
tential by  ions 
and  passing  in- 
to the  circula- 
tion. 


Testicle. 


From  lymphat- 
ics to  tubules. 


I 


Endothelial 
cells  bounding 
lymph  spaces. 


Act  on   lymph. 


Reactions  be- 
tween ions  and 
lymph  salts 
produce  ele- 
ments which 
build  up  epith- 
elial cells  and 
cause  their  di- 
vision, the  cells 
passing  into  the 
tubules. 


Graafian 
vesicle. 

No  osmosis. 
The  pressure  is 
from  within 
outward  owing 
to  production  of 
ions  (2  239). 


Epithelial  cells 
in  vesicle. 


Act  on  ovum. 


Ovum  is  built 
up  to  a  high 
negative  poten- 
tial. The  ovum 
does  not  multi- 
ply owingto  ab- 
sence of  blood 
elements. 


Of  late  various  extracts  from  glands — the  thy- 
roid, the  adrenal,  ovaries,  testicles,  etc. — have  been 
prepared.  They  no  doubt  possess  by  their  molecular 
constitution  a  very  high  potential,  which  is  capable  of 
replenishing  the  stored  energies  of  muscle  and  nerve. 
However,  more  detailed  and  exact  experiments  are 
necessary  before  their  scientific  value  can  be  estimated. 
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217.  Wherever  there  is  chemical  action  electrical 
currents,  sensible  or  insensible,  are  possible.  Through- 
out the  organic  world  nature  displays  some  more  or 
less  extravagant  development  of  particular  characters 
with  the  sacrifice  of  others.  Such  specialized  develop- 
ment, brought  about  by  the  process  of  evolution,  rep- 
resents a  principle  present  in  all  organizations,  no  mat- 
ter how  small.  Thus  some  animals  are  swift  and  others 
strong,  some  use  the  anterior  extremities  as  wings; 
others  these  as  legs;  and  still  others  these  as  arms  and 
hands;  ruminants  have  four  stomachs;  and  man  has 
a  vermifurm  appendix.  Some  fishes  have  electric 
organs;  while  other  animals  have  "  motorial  plates'' 
or  muscles.  In  these  differential  developments  nature 
affords  us  scope  in  our  microscopic  studies ;  for  her 
amplified  manifestations  represent  a  universal  principle. 
The  gynmotus  or  electric  eel,  malapterurus  or  sheath 
fish,  the  torpedo,  the  skate,  and  others  have  concen- 
trated development  along  electric  lines. 

ai8.  The  electric  eel,  found  in  the  marshes  of  South 
America,  has  powerful  electric  organs.  It  is  capable  of 
giving  shocks  sufficiently  strong  to  stun  if  not  to  kill 
large  animals.  The  organs  are  situated  immediately 
beneath  the  skin,  and  consist  of  cells  filled  with  a  gelat- 
inous   material.     They    are    plentifully   supplied   with 

329 


§219 


ANIMAL  KLECTRICITY 


33i 


the  negative.  Humboldt  and  Callodon  held  the  opinion 
that  electric  fishes  do  not  shock  each  other,  and  du  Bois 
Reymond's  experiments  confirmed  the  correctness  of 
this  opinion, 

Du  Bois  Reynioud  has  the  credit  of  investigating 
this  subject.  He  showed  that  the  current  from  the 
electric  eel  produced  electrolysis  of  iodide  of  potassium, 
and  that  the  resulting  ions  caused  a  secondary  current. 
The  current  deflected  the  galvanometer,  produced  a 
spark  and  otherwise  obeyed  the  laws  governing  elec- 
tricity from  other  sources. 

The  electric  organ  of  the  skate  was  discovered  by 
Stark.  M.  Robin  describes  the  minute  structure  of  the 
discs  as  polygonal  in  contour,  and  arranged  in  columns 
with  longitudinal  septa,  an  anterior  smooth  surface  and 
a  posterior  alveolated.  The  arterioles  are  distributed 
to  the  posterior  and  the  ner\-es  to  the  anterior  disc  sur- 
face. The  attenuated  nerve  fiber  is  described  as  ter- 
minating in  a  pyramidal  or  conical  body,  with  its  base 
applied  to  the  disc.  The  arteries  no  not  enter  the  disc, 
but  terminate  in  the  alveoli.  Wesley  Mills  confirmed 
this  description  of  the  anatomical  arrangement. 

219.  Professors  Burdon-Saudersou  and  Gotch  con- 
cluded as  follows :  I  n  Raja  baits  and  Clavata  there 
exists  an  electric  organ  with  electro-motive  elements 
arranged  in  series,  after  the  manner  of  a  voltaic  pile, 
having  a  force  directly  proportiomil  to  the  number  of 
elements.  During  the  discharge  of  the  organ  the 
caudal  end  is  positive,  and  the  cephalic  end  negative. 
Excitation  of  the  spinal  cord  effects  a  discharge  of  the 
organ,  and  various  reflex  centers  exist  from  which  the 
organ  can  be  excited.  Professors  Burdon-Sanderson 
and  Gotch  concluded  that  the  relatively  large  electro- 
motive force,  when  I  compared  to  ordinary  muscle,  was 
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due  to  the  large  number  of  discs,  to  their  beiug  ar- 
ranged in  pile,  and  to  their  being  able  to  act  simulta- 
neously by  virtue  of  the  nervous  arrangement. 

Professor  Gustav  Fritsch  of  Berlin  is  of  the  opinion 
that  electric  organs  are  of  muscular  origin.  He  states 
that  in  the  malapterunis  the  organ  seems  to  have  been 
developed  from  the  skin;  that  the  innumerable  nerve 
branches  are  derived  from  two  nerse  fibers,  each  leading 
to  a  single  ganglion  cell ;  and  that  the  structure  of  the 
main  nerve  fiber  is  suggestive  of  an  electric  cable.  Pro- 
fessor Max  Schultze  considers  the  disc  a  coalescence 
of  the  termination  of  the  nerves,  others  think  that  it 
represents  muscular  tissue,  or  that  it  can  be  identified 
with'the  motor  plate.  Wesley  Mills  suggests  that  it  is 
sui  generis.  The  fresh  electric  organ  is  neutral  but 
gives  an  acid  reaction  on  standing,  thus  resembling 
muscle;  when  kept  in  warm  water  for  a  time,  it  resem- 
bles the  cerebral  nervous  system  by  becoming  acid. 

220.  The  author's  opinion  is  that  histologically  the 
electric  organ  is  an  extreme  evolutionary  development 
of  the  physiologic  unit  on  distinctive  lines,  and  that  it 
is  not  considered  correctly  as  representing  nerve  or 
muscle,  only  as  nerve,  mu.scle  and  electric  organs  have 
a  common  embryonic  origin.  Physiologically  the 
electric  organ  repre.sents  neither  nerve  nor  muscle.  It 
dififers  from  nerxe  tissue  in  that  it  is  neither  sensory 
nor  motor  in  its  function,  and  it  differs  from  muscle  in 
not  having  the  property  of  contractility.  But,  like 
nerve,  it  is  capable  of  conductivity  if  its  anatomical 
environment  corresponded  to  that  of  the  nerve;  and, 
like  muscle,  it  is  capable  of  contractility  if  its  elements 
were  compressed  or  distorted  by  elastic  tissue,  which  is 
an  essential  condition  to  muscle  function.  Compari- 
sons of  the  same  character  may  l^  equally  made  with 
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the  gland-cell.  Anatomically  and  functionally  the  elec- 
tric organ  bears  the  same  relation  to  its  nerve  supply 
as  glands  and  muscles  do  to  their  nerve  supply.  It 
may  bear  a  stronger  histological  resemblance  to  the 
axone-hillock  than  to  any  other  portion  of  ucrve 
structure.  Whether  the  electric  organ  is  developed 
from  the  epiblast  or  from  the  mesoblast  has  not  been 
ascertained ;  nor  does  it  seem  to  have  been  determined 
whether  its  proteid  contains  sulphur  or  phosphorus. 
The  properties  pertaining  to  rigor  mortis  seem  to  be 
absent.  The  evolutionary  path  of  the  electric  organ 
appears  to  be  distinct,  and  coalesces  with  that  of  no 
other  structure.  The  physiological  electrical  idea  is 
distinctive  and  independent,  and  the  anatomical  and 
histological  classification  should  conform  to  the  physi- 
ological division. 

The  physiologic  unit  of  the  electric  organ  has  very 
high  potential.  It  has  an  atomic  construction  of  great 
numerical  potential ;  and  the  character  of  the  atoms  is 
potentially  large  in  its  negativity  (§  20,  §  152).  The 
potential  sum  has  been  stored  under  essential  condi- 
tions of  temperature  and  pressure  (§  161);  the  cell 
being  surrounded  by  connective  tissue  giving  a  resist- 
ing pressure,  and  being  furnished  with  an  abundant 
supply  of  blood,  necessary  conditions  for  anabolic  in- 
tensity. Obviously  each  molecule  or  each  disc  is  a 
storehouse  of  concentrated  potential  of  the  same  charac- 
ter— differing  only  in  degree  of  development — as  the 
potential  of  nerve  or  muscle. 

If  there  is  arranged  within  a  circuit  a  large  number 
of  cells  or  high  potential  molecules,  in  pile  form,  as  in 
the  voltaic  battery,  it  is  evident  that  there  exists  the 
elements  essential  for  the  production  of  an  electric  cur- 
rent or  explosive  discharge.     If  each  of  the  cells  has  a 
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nerve  connection  which  acts  as  a  means  of  exciting  it 

simultaneously  with  others,  it  is  obvious  that  the  cur- 
rent may  become  a  shock  from  the  explosive  discharge. 
The  cells  polarize,  carbon,  h3'drogen  and  oxygen  ions 
are  dissociated,  these  combine  and  form  simple  com- 
pounds, and  the  freed  energy  is  transformed  into  elec- 
tricity. This  is  identical  with  the  action-currents  of 
muscles.  A  current  of  rest  also  may  be  furnished  by 
the  nutrient  elements  being  placed  within  a  circuit, 
but  in  this  case  no  nervous  connection  is  required; 
and  as  the  ner\'es  are  well  developed  action  currents  no 
doubt  are  the  type  of  currents  from  electric  organs. 

The  structural  arrangement  by  which  the  circuit  is 
completed  seems  in  doubt.  The  cells  are  undoubtedly 
connected  by  some  conducting  material  through  the 
surrounding  cellular  tissue.  The  organ  is  placed  near 
the  skin,  which  seems  to  be  a  non-conductor;  this  we 
infer  from  the  animal  not  being  affected  by  electric 
shocks.  The  skin  opposite  to  the  poles  by  reflex 
action  may  be  made  pervnous  to  water,  thus  becoming 
a  conductor.  The  water  will  then  complete  the  circuit. 
The  greater  part  of  the  current  will  pass  through  any 
body  immersed  in  water,  and  placed  within  the  circuit, 
if  the  body  is  a  better  conductor  than  the  water.  Thus 
the  bodies  of  animals,  being  better  conductors  than 
fresh  water,  will  receive  the  shock. 

When  there  occurs  a  chemic  analytic  reaction,  like 
zinc  and  sulphuric  acid  uniting,  as  in  a  galvanic  cell, 
the  reaction  is  accomplished  with  the  evolution  of  heat. 
When  a  muscle  contracts,  or  when  a  nerve  is  excited 
to  action;  or  when  any  one  of  the  numerous  katabolic 
changes  in  animal  organizations  takes  place,  the  action 
is  associated  with  the  production  of  heat  following 
union  of  the  ions  of  waste.     If  the  point  of  production 
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of  energy  is  part  of  a  circuit,  and  the  substance  in  which 
the  energy  is  stored  is  polar izable — having  a  terminal 
difference  of  potential — when  the  energy  is  freed,  then 
the  energy — polarized  ether  (§  42,  §43) — can  follow  one 
of  two  courses.  It  may  dissociate  and  the  atoms  fol- 
low the  circuit  as  an  electric  current;  or  without  dis- 
sociation it  may  manifest  itself  as  heat  at  the  point  of 
emission.  The  energy  will  always  follow  the  course  of 
least  resistance  (§  153). 

The  high  potential  molecule  of  the  electric  cell  is 
polarized  under  the  iufluence  of  nerve  force,  under 
polarization  some  of  the  atoms  dissociate  and  form 
molecules  under  a  lower  potential  (§  158),  thus  setting 
free  energy  which  manifests  itself  under  the  conditions 
present  as  electricity. 

221.  Commencing  with  the  same  histological  unit 
the  neuro-musculo-electro-glaudular  cell  or  unit  funda- 
mentally constructed  on  the  same  plan — a  molecule  of 
high  potential — nature  stretches  the  units  in  line  and 
makes  use  of  their  property  of  conductivity ;  she  places 
others  in  tiers,  compresses  or  distorts  them  by  an 
elastic  sheath,  and  for  her  purposes  calls  forth  the 
common  property  of  all  matter,  under  certain  condi- 
tions, of  assuming  the  spherical  form,  hence  contrac- 
tility; she  arranges  them  in  pile  form  placed  within  a 
circuit,  and  behold  she  has  an  electric  current ;  or  by 
a  modification  of  arrangement,  from  the  ions  produced 
she  constructs  a  molecule  of  extreme  potential — an 
anabolism.  In  all  of  this  nature  uses  a  high  potential 
molecule,  polarizable  at  the  will  of  a  central  nervous 
organization.  When  the  molecule  or  cell  is  polarized, 
whether  there  is  manifested  the  property  of  conduction 
by  vibrations,  whether  a  physical  movement  of  a  body 
is  accomplished,  whether  the  shock  of  an  electric  cur- 


336  ELECTRO-PHYSIOLOGY  §  221 

rent  is  felt,  or  whether  a  cell  of  the  blood  emerges  from 
a  gland  loaded  with  potential,  depends  on  the  place- 
ment, connections  and  surrounding  conditions,  and  not 
upon  an  alteration  of  principle  in  the  polarizable  mole- 
cule or  cell  of  high  potential. 

The  following  partial  classification   of  function  is 
made : 

/.  Function  depending  directly  on  the  polarization 
of  the  unit : 

(a)  Propagation  of  polarization — conductivity  in 
nerves,  muscles,  glands,  leucocytes. 

(6)  Modification  of  form  by   polarization — con- 
tractility in  muscles,  leucocytes. 
2.  Function  depending  on  results  of  polarization : 
{a)  Ions  of  waste  uniting  with  other  molecules 
— metabolism  in  glands. 

(6)  Ions  of  waste  uniting  and  freeing  energy 
which  is  transformed  into  electric  currents — prop- 
erty of  electric  organs. 


CHAPTER   XVII 


Cell-Movements 


222.  A  cell,  such  as  the  white  blood  corpuscle,  has  a 
high  molecular  potential,  and  is  sensitive  in  a  high 
degree  to  surrounding  attraction  and  repulsion-influ- 
ences. The  various  electric  currents  of  the  body  and 
osmotic  forces  direct  its  course  of  movement.  That 
the  electric  currents  of  the  body  are  important  factors 
in  organic  motory  changes  is  proved  by  ciliary  action; 
and  by  the  slight  galvanic  action  required  to  move 
spermatozoa  (§  237),  and  to  produce  electrolysis.  A 
slight  current  will  have  cataphoretic  effect.  When 
substances  of  high  potential  are  placed  where  there  is 
slight  resistance  to  their  transference,  as  in  fluids  or 
semi-fluids,  the  movements  will  be  effected  by  very 
small  currents.  That  these  currents  exist  in  the 
human  body  there  is  no  reason  to  doubt.  Chemic 
action  taking  place  in  a  part  of  the  body  sets  free  ether 
that  has  either  to  overcome  local  resistance  and  radiate 
as  heat,  or  travel  as  electricity'  to  a  more  distant  part 
and  there  radiate  under  less  resistance.  The  course  of 
least  resistance   will  always  be  followed. 

223.  The  white  blood-corpuscle  consists  of  cytoplasm 
and  a  nucleus.  There  is  no  nucleolus.  The  blood- 
corpuscle  is  generally  spherical  in  shape,  but  has  the 
power  of  changing  its  form,  a  characteristic  which  has 
been  described  as  amoeboid.     In  locomotion  the  cor- 
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pusde  sends  out  filamentous  processes — pseudopodia — 
which  envelop  particles  in  the  surrounding  medium. 
When  the  filaments  are  withdrawn  the  particles  are 
lodged  in  the  substance  of  the  cell.  The  protoplasm 
contains  granules  which  often  exhibit  highly  refractile 
properties.  The  granular  substance  and  the  inter- 
vening hyaline  substance  seem  to  differ  in  their  relative 
proportions,  and  also  in  absolute  amount,  giving  the 
appearance  of  mau}^  kinds  of  cells.  Chemically  the  pro- 
toplasm of  the  colorless  corpuscle  shows  the  presence 
of  nucleo-proteid  and  globulin,  with  fat  and  a  small 
amount  of  glycogen. 

Assuming  that  the  nucleolus  is  a  molecule  of  great 
concentrative  potential  (§  242,  §  243)  built  up  under 
an  essential  degree  of  pressure,  it  is  clear  that  under 
changed  conditions  it  is  extremely  sensitive  to  disinte- 
grating influences.  It  is  obvious  that  a  removal  of 
pressure  will  favor  the  breaking  up  of  such  a  large 
molecule,  more  particularly  as  its  inductive  potential  is 
of  negative  quality  (§  135).  During  the  constructive 
period  of  the  cell  the  nucleolus,  like  other  functionating 
units,  may  give  ofiF"  ions  which  are  impressed  into 
nuclear  elements,  and  these,  having  gained  a  potential 
of  similar  quality  to  that  of  the  nucleolus,  are  repelled 
from  the  nuclear  area  to  form  molecular  elements  or 
units  in  the  cytoplasm.  In  the  leucocytes,  in  the  cells 
of  unstriped  muscular  fibers,  and  in  certain  other  cells 
we  find  what  is  evidently  the  remains  of  a  nucleolus 
and  nucleus.  Changed  conditions  have  allowed  molec- 
ular dissociation  to  take  place;  they  have  performed  a 
function,  and  have  become  inert  and  in  some  instances 
have  died,  the  resultant  particles  remaining  within  the 
nuclear  wall.     In  other  cells,  such  as  the  ganglionic 
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cells  of  neurones,  the  nucleoli  continue  to  have  func- 
tional activity. 

The  functional  properties  of  the  colorless  corpuscle 
reside  in  the  material  of  its  cytoplasm.  This  no  doubt 
consists  of  molecules  of  high  negative  potential  which 
have  beeu  built  up  during  nuclear  activity  (§  245). 
They  are  sensitive  in  a  high  degree  to  the  least  vibra- 
tory modification  of  surrounding  media,  just  as  the 
physiologic  unit  in  the  optic  neuroue  is  sensitive  to 
light  vibrations.  The  universal  rule  that  the  more 
solid  element  is  surrounded  with  less  solid  plasma 
applies  to  the  protoplasm  of  the  leucocyte.  The  more 
solid  element  is  the  physiologic  molecule,  and  the 
plasma  occupies  its  vibratory  induced  sphere.  The 
former  has  a  potential  of  negative  quality  and  the  lat- 
ter is  composed  of  material  of  electro-positive  charac- 
ter (with  oxj'gen  in  its  molecular  induced  fields),  some 
of  which  is  nutritive. 

Physiologic  units  in  the  colorless  corpuscles  perform 
their  function,  as  elsewhere,  bj'  means  of  polarization- 
waves.  The  units  being  negative  in  potential,  the 
corpuscle  is  excited  by  the  alkalinity  of  the  blood 
plasma.  The  leading  off  point  is  negative,  and  the 
opposite  end  is  positive.  The  units  when  polarized 
must  be  supplied  with  associating  molecules  of  polar- 
ization, and  the  polarizing  act  must  be  accompanied 
with  the  production  of  ions  split  up  from  molecular 
nutriment.  What  becomes  of  these  ions,  and  from 
what  source  is  the  nutriment  derived?  Within  the 
cytoplasm  are  found  molecules  of  glycogen  and  pro- 
teids.  It  is  probable  the  ions  hydrogen  and  oxygen 
act  on  glycogen  molecules,  converting  them  into  glu- 
cose; and  the  glucose  in  turn  furnishes  nutritive 
molecules  to  the  physiologic  unit  (§  260).     It  may  be 
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the  same  with  proteids  found  within  the  cell.  When 
the  nutrition  is  exhausted  the  cell  dies,  its  life  being 
about  the  same  in  duration  as  that  of  the  spermatozoon. 
When  the  cell  is  broken  up  the  molecules  C)f  the  cyto- 
plasm may  become  the  globulins  and  nucleo-proteids 
of  the  blood,  and  these  again  maj'  be  the  elements  of 
repair  in  injured  tissues,  laying  the  foundation  of  the 
physiologic  units  of  such  structures  as  the  nerves  or 
muscles. 

The  movements  of  the  colorless  corpuscle  having, 
as  their  principal  factor,  polarization-waves  passing 
through  molecules  of  high  potential,  are  fundamentally 
the  same  as  waves  of  contractility  and  conductivity 
manifested  in  muscles  and  nerves.  They  are  also  the 
same  in  principle  as  movements  in  spermatozoa.  The 
difference  is  in  the  morphology  and  environment  of 
the  cell.  It  may  be  concluded  that  as  the  cell  moves 
along  with  the  blood  current  it  is  stimulated  poste- 
riorly, the  plasma  pressing  more  distinctly  on  this  part 
of  the  surface,  just  as  the  cardiac  nerves  are  stimulated 
b}'  the  blood  plasma  during  diastolic  fullness.  The 
stimulating  point  being  negative,  the  distal  ends  of 
the  waves  are  positive.  When  the  cell  is  at  rest  it  is 
attracted  through  its  negativity;  when  polarized  the 
positive  pole  directs  its  course,  thus  differentiating 
from  the  sperm  movements.  The  following  extrinsic 
forces  must  influence  the  cell:  (r)  The  blood  current; 
(2)  the  induction  of  electric  body-currents;  (3)  the 
osmotic  attraction  of  polarized  tissues;  and  (4)  the 
attraction  of  blood-molecules. 

The  incorporation  into  the  mass  of  the  cell  of  ad- 
joining material,  such  as  coloring  matter,  must  be 
accomplished  by  the  attraction  of  opposites,  and  conse- 
quentl}'  is  not  nutritive  iu  character.     The  pseudopodia 
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point  toward  negative 
pole  of  body-currents, 
along  with  the  blood 
will    have    its    positive 


must  be  sent  out  during  polarization,  the  absorption 
and  attraction  of  particles  must  take  place  during 
depolarization  and  retraction.  The  terminals  of  pseu- 
dopods,  being  positive,  will 
tissues  and  to  the  negative 
Thus  the  leucocyte  moving 
current  during  polarization 
pole  pointing  toward  the  wall  of  the  vessel  which 
it  pierces;  as  its  course  is  checked  the  stimulus  of  the 
blood  becomes  a  greater  excitant.  The  pressure  of  the 
blood,  electric  induction,  osmotic  attraction,  one  or 
all,  direct  the  course  of  the  corpuscle  during  peristaltic 
movements;  the  stored  energy  within  the  cell  supplies 
the  potential  for  the  movements ;  and  the  alkalinity  of 
the  blood  plasma  gives  the  initiatory  stimulus.  The 
movements  do  not  differ  fundamentally  from  those  of 
spermatozoa  only  as  regards  the  leading  off  point  of 
the  wave  and  the  morphology  of  the  cell;  neither  do 
they  differ  fundamentally  from  nerve  or  muscle  waves. 
The  leucocyte  pierces  the  wall  of  the  vessel  by  the 
force  of  its  polar  potential,  the  adhesive  properties  of 
the  elements  of  the  membrane  are  relaxed  and  brought 
under  the  dissolving  force  of  the  leucocyte  just  as  the 
nuclear  membrane  disappears  during  mitosis. 

224.  Certain  cell-bodies  have  to  and  fro  movements 
without  change  of  relative  position.  They  are  free 
nuclei,  with  spots  which  take  on  a  deeper  stain  than 
the  surrounding  chromatin  and  which  indicate  nucleoli. 
They  have  no  cytoplasm.  The  different  cocci  are  the 
best  known  types  of  this  form  of  cell.  A  coccus  is 
potentially  one  body,  consisting  of  a  dynamic  center 
with  its  induced  field.  Its  constituents  are  incapable 
of  propagating  wave-motion,  being  under  the  influence 
of  a  center  having  greater  potential,  consequently  they 
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move  as  one  body  (§  245).  The  Biownian  movement 
is  a  vibratory  act  without  propagation.  It  is  said  to 
be  non-vital  in  character,  and  it  is  true  that  non-vital 
particles  with  sensitive  potentials  and  in  proper  media 
will  respond  to  external  excitations',  but  these  move- 
ments, common  to  organic  or  inorganic  material,  are 
strictly  commensurate  with  the  extrinsic  excitations, 
and  consequent!}'  accomplished  without  intrinsic  waste. 
Now  cells  with  a  limited  amount  of  stored  nutrition  and 
whose  units  vibrate — polarize  and  give  off  waste — run 
a  limited  vital  course.  The  question  presents:  Is 
not  the  Brownian  movement  a  vibratory  act,  accom- 
panied with  molecular  polarization  and  consequent 
waste,  sequential  delimitation  of  the  life  of  the  cell, 
and  analogous  to  the  vibrator}^  act  of  an  initiatory  unit 
of  a  fibril  through  which  an  impulse  is  passing  ?  If 
these  independent  nuclei  have  a  limited  age  in  media 
which  do  not  supply  nutrition  and  in  which  they  man- 
ifest the  vibratory  movement  in  sittt,  then  the  evidence 
sureh'  points  to  the  Brownian  movement  being  of  vital 
character. 


Osmosis 
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225.  Osmosis  has  been  treated  of  previously,  bn 
there  is  one  feature  of  osmotic  action  that  requires  fur- 
ther notice.  The  fact  that  one  secretion  being  alkaline 
and  atiother  acid  has  never  been  satisfactorily  accounted 
for.  The  presence  of  hydrochloric  acid  in  the  gastric 
juice  has  been  already  explained  (^  207,  210),  but  the 
acidity  or  alkalinity  of  other  secretions  evidently  de- 
pends upon  other  factors  than  merely  the  production  of 
an  acid  at  the  point  of  elimination. 

It  has  been  shown  that  carbon  and  oxygen  are  set 
free  hy  nerve  action,  and  that  under  certain  conditions 
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they  form  carbon  dioxide.  It  is  found  that  this  product 
— COj — exists  in  the  saliva  and  bile,  which  are  alkaline 
in  reaction;  but  it  does  not  exist  in  the  gastric  juice, 
which  is  acid;  but  the  blood  becomes  more  alkaline 
during  digestion.  It  is  probable  that  carbon  dioxide 
formed  during  this  act  is  sent  into  the  blood  by  osmotic 
action  as  sodium  carbonate. 

The  laws  that  govern  the  direction  of  carbon  dioxide 
therefore  are  evidently  those  that  determine  the  reactions 
of  most  secretions.  The  principles  of  simple  osmosis  do 
not  explain  why  different  directions  are  taken  by  this 
product;  why  in  one  case  it  will  seek  the  blood  and  iu 
another  take  an  opposite  direction.  When  it  is  consid- 
ered that  a  small  current  serves  to  produce  osmosis  it 
will  be  readily  seen  that  the  currents  of  the  body  will 
influence  the  direction  and  character  of  the  osmotic 
stream.  It  is  important  to  note  that  positive  elements 
go  towards  the  blood  iiotwithstanding  that  the  quality 
of  the  latter  is  also  positive,  thus  proving  that  osmosis 
has  a  factor  other  than  those  governing  diffusion  of 
liquids  in  mere  contact.  On  the  other  hand  when  an 
electro-positive  substance  as  blood  is  separated  by  a 
membrane  from  an  electro-negative  substance  as  air, 
the  blood  constitutes  the  electro-positive  pole  and  the 
air  the  electro-negative,  on  the  basis  of  the  fundamental 
identity  of  electric  and  molecular  potentials. 

226.  It  is  known  that  individual  parts  of  the  body  are 
positive  or  negative  when  compared  to  other  parts,  and 
that  in  all  parts  the  cheniic  potential  exists  which  can 
be  converted  into  an  electric  current  which  ma}'  influ- 
ence osmosis.  If  fur  instance  nerve  action  furnishes 
a  potential  which  charges  the  terminals  of  neurones 
cither  positively  or  negatively,  these  charges  will  exer- 
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cise  attractions  and  repulsions  which  must  influence 
the  character  aud  direction  of  an  osmotic  flow. 

When  chemic  action  takes  place  with  the  evolution 
of  heat — ether  from  induced  fields — there  is  a  resistance 
to   its  radiation.     As  the  whole  bodj'  is  made  up  of 
conductors  of  comparatively  difierent  resistances,  as  the 
radiation  of  heat  meets  with  less  resistance  at  the  sur- 
face than  in  the  interior  of  the  body,  and  as  there  is  a 
difference  of  temperature  between  the  surface  and  the 
interior,  it  is  evident    that  electric  currents  will   be 
formed  as  in  the  thermo-electric  cell  (§   103).     It  is 
therefore  reasonable   to   suppose   that    these    currents 
cause  electrolytic  aud  cataphoretic  actions  and  conse- 
quently an  acidity  and  an  alkalinity  at  different  points  of 
the  body;  also,  as  carbon  dioxide  is  a  product   of  nerve 
and  gland  action  and  as  a  slip;ht  electric  current  will 
determine  its  course,  it  is  evident  that  its  osmotic  direc- 
tion is  an  explanation  of  the  different  reactions  of  secre- 
tions.    Moreover  the  glands,  like  the  muscles,  must 
have  differentiated  poles  during  action.     The  placement 
of  a  nerve  terminal  towards  one  or  the  other  end  of  a 
gland  will  deterniiue  its  differential  polarity;  the  lead- 
ing off  point  being  negative,  the  end  of  the  gland  fur- 
thest from  this  point  will  be  positive  aud  the  nearest 
end  negative  (§   190).     The  positive  end  of  a  gland 
pointing  to  the  surface  will  give  an  acid  secretion;  and 
the  negative  end  pointing  to  the  surface  will  give  an 
alkaline  secretion.     The  carbon  and  oxygen  ions  pro- 
duced b}'  gland  cell  action  will  react  on  the  blood-salts, 
and  the  resulting  carbonates,  being  electro-positive,  will 
seek  the  negative  pole  of  the  gland,  making  the  blood 
more  alkaliue,  or  giving  the  secretion  an  alkaline  reac- 
tion  according   to    gland-cell    polarity.      When    the 
gland-cells  are  polarized  a  stream  of  electro-negative 
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material  will  pass  toward  the  positive  pole  of  the  gland; 
and  towards  its  negative  pole  a  stream  of  electro- 
positive material ;  and  the  direction  of  the  osmotic 
streams,  as  to  their  inward  or  outward  course,  must 
accord  with  the  polarity  of  the  gland  and  the  electro- 
positivity  or  electro-negativity  of  the  moving  material. 
In  a  complex  structure,  such  as  that  of  the  stomach, 
the  glands  seem  to  have  differential  polar  directions — 
one  directing  an  alkaline  stream  outward  and  another 
directing  it  inward.  On  the  other  hand  there  is  the 
chemical  complexity  of  the  blood-serum  which,  although 
always  alkaline,  no  doubt  varies  in  the  intensity  of  its 
reactions  and  in  the  character  of  its  cliemical  constitu- 
ency in  different  localities.  Thus,  although  the  ulti- 
mate ions  dissociated  from  physiologic  units  are  constant 
in  character,  their  reactions  on  blood-elements  will  pos- 
sess a  delicate  discrimination  governed  by  variation  in 
temperature,  pressure,  distances,  and  potentials.  Hence 
carbon  dioxide  set  free  by  gland-action  may  fail  to  react 
on  blood-elements,  and  pass  to  the  positive  pole,  and 
again  it  ma}-  react  and  as  a  carbonate  pass  to  the  nega- 
tive pole  of  the  gland.  Thus  by  a  system  of  glands 
diflferentiated  in  polar  direction,  and  by  an  intricate 
metabolism,  nature  builds  up  and  tears  down,  now 
swerving  to  the  positive  side  of  equilibrium,  and  then  to 
the  negative  side,  until  finally  evolving  a  product  exact 
in  molecular  potential  and  definite  in  essential  ph3'sio- 
logic  capacity.  It  must  ahvaj-s  be  borne  in  mind  that 
a  vital  fluid  consists  of  both  positive  and  negative  ele- 
ments, now  the  positive  elements  taking  the  lead  and 
giving  character  to  its  reactions,  but  carrying  within 
their  molecular  induced  fields  matter  of  negative  char- 
acter; then  the  negative  elements  taking  the  lead,  with 
negative  reactions  and  carrying  positive  material  within 
induced  fields  (Fig.  115,  §  243). 
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227.  It  is  not  within  the  province  of  this  work  tc 
enter  largely  into  this  subject,  but  there  are  many 
physiologic  problems  as  yet  unsolved,  some  of  them 
admittedly  iusolvable  by  ordinary  experimental  meth- 
ods ;  it  is  therefore  clearly  a  duty  to  collect  the  physio- 
logic facts;  and,  in  the  light  of  electric  science,  to  set 
forth  the  fundamental  laws  governing  the  various 
phenomena  presented. 

Reprodiiciive  Organs.  Only  such  anatomical  and 
physiologic  facts  will  be  referred  to  as  are  necessary  to 
the  discussion  of  the  subject. 

Female  Organs.  The  vagina  is  lined  with  pavement 
epithelium,  and  the  vaginal  secretion  is  usually  acid. 

The  litems  is  lined  with  epithelium  of  the  columnar 
ciliated  variety,  except  in  the  lower  half  of  the  cervix, 
where  it  is  stratified  and  non-ciliated.  In  women  and 
other  mammals  the  direction  of  the  ciliary  movement  is 
towards  the  os  uteri.  The  secretion  is  viscid  and  alka- 
line. 

The  Fallopian  tubes  or  oviducts  open  into  the  perito- 
neal cavity.  One  of  the  processes  or  fimbriae  is  attached 
to  the  corresponding  ovary  and  is  grooved.  The  length 
of  the  Fallopian  tube  is  from  three  to  four  inches  and 
the  uterine  opening  is  comparatively  small.  The  tube 
has  a  longitudinal  and  circular  coat  of  muscular  fibers^ 
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the  longitudinal  extending  into  the  Bmbrae.  The  tube 
including  the  finibrae  is  lined  throughout  with  ciliated 
epithelium,  the  ciliary  current  being  towards  the  uterus. 
The  mucous  secretion  is  alkaline.  The  function  of  the 
oviducts  is  to  convey  the  ova  from  the  ovaries  to  the 
uterus;  the  spermatozoa  also  travel  within  the  tube  in 
the  opposite  direction,  and  the  union  of  the  two  takes 
place,  as  a  rule,  within  the  tubes. 

228.  The  Ovaries — testes  niuliebres  (Galen) — are 
modified  glandular  structures,  and  their  physiologic  use 
is  the  production  of  ova.     They  are  each  about  an  inch 
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Graaiinn  Follicle  :  ov,  ovum  ia  discus  proligerus;  ep,  follicalar  cpitfaeliam; 
THK,  external  thecR;  THi,  iuternal  theca  with  blood  vessels  (5<76o//i? 
modified). 

and  a  half  in  length,  three-quarters  of  an  inch  in  width, 
and  about  one-third  of  an  inch  thick,  and  weigh  from  one 
to  two  drachms.  The  structure  of  the  ovaries  consists 
of  a  number  of  Graafian  vesicles  imbedded  in  the 
meshes  of  a  stroma  and  invested  by  a  serous  covering 
derived  from  the  peritoneum,  the  epithelium  of  which 
has  been  named  the  germiat  epithelium  of  Waldeyer. 
The  stroma  is  abundantly  supplied  with  blood  vessels; 
and  is  much  condensed  on  the  surface  of  tlie  organ, 
where  it  was  formerly  supposed  to  be  a  distinct  fibrous 
covering  called  the  tunica  albuginea. 
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The  Graafian  vesicles  consist  of  an  external  fibro- 
vascular  coat — the  tlieca — connected  with  the  surround- 
ing stroma  by  a  network  of  blood  vessels,  and  an 
internal  coat  the  ovicapsule,  which  is  lined  by  a  layer 
of  polyhedral  epithelial  cells,  called  the  membrana  gran- 
ulosa. In  the  interior  of  the  vesicles  is  a  transparent 
albuminous  fluid,  the  liquor  folliculi. 

In  the  part  of  the  mature  Graafian  vesicle  nearest 
the  surface  of  the  ovary,  the  cells  of  the  membrana 
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Fig.  109. 

Typical  Cell — ovum  of  cal :  A,  protopUstn ;  b,  uucleus;  c,  nuclear  mem- 
brnDc;  b,  nucleolus;  K,  true  cell-wall,  closely  itpplicd  to  the  surround- 
ing secondary  envelope,  tbc  zona  pellucida. 

granulosa  are  collected  into  a  hillock  which  projects 
into  the  cavity  of  the  vesicle.  This  mass  of  cells  is 
called  the  discus  proligerus,  and  in  this  the  ovum  is 
imbedded.  The  ova  are  formed  from  the  germ-epithe- 
lium on  the  surface  of  the  ovary,  the  cells  becoming 
enlarged  and  involuted,  forming  little  depressions.  As 
they  sink  deeper  they  become  enclosed  by  the  stroma, 
which  ultimately  cuts  them  off  from  the  surface.     The 
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germ-epitheliuni  is  thus  enclosed  in  a  cavit}'^:  the 
future  Graafian  vesicle.  The  cells  which  surround 
the  ovum,  by  their  division,  give  rise  to  the  numerous 
elements  lining  the  follicle,  and  were  originally  de- 
rived from  \}ii^  germinal  epithelium. 

The  ovum  is  a  spherical  body  surrounded  by  a  dis- 
tinct membrane,  the  zona  pelluctda,  enclosed  in  which 
is  the  vitellus  or  protoplasm.  The  germinal  vesicle 
corresponds  to  the  nucleus  of  the  ovum  and  contains 
the  germinal  spot  or  nucleolus.  The  blood  vessels 
and  lymphatics  are  numerous  in  the  ovary.  Entering 
through  the  hilum  and  passing  through  the  medulla, 
they  have  been  traced  in  the  cortex  to  the  walls  of  the 
larger  follicles.  The  nerves  are  cerebro-spinal  and 
sympathetic.  The}'  enter  the  cortex  and  have  been 
traced  into  llie  envelope  of  the  Graafian  follicles. 

229.  Construction  of  the  Ovum.  The  ovarian  nerves 
have  been  traced  into  the  covering  of  the  larger 
Graafian  follicles.  There  being  no  physiologic  reason 
for  the  cerebro-spinal  fibers  terminating  in  the  follicu- 
lar theca,  it  is  only  reasonable  to  conclude  that  fine 
twigs  penetrate  the  envelope  of  the  follicles  and  ter- 
tninate  in  contact  with  the  cells  of  the  membrana 
granulosa.  By  so  doing  they  correspond  in  their  mode 
of  termination  with  the  nerve  filaments  in  other  glands 
and  in  the  muscles.  The  cells  surrounding  the  ovum 
are  thus  brought  under  nerve  action,  in  fact  are  the 
real  terminals  of  the  cerebro-spinal  fibers,  and  thus 
receive  their  impulses.  Such  being  the  case,  there 
must  be  alternate  polarization  and  depolarization  of 
the  epithelial  cells  of  the  membrana  granulosa  in  re- 
sponse to  the  cerebration  of  the  mother. 

230.  An  important  factor  in  the  production  of  ova- 
rian anabolism  is  found  in  the  pressure  resulting  from 
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tlie  dense  and  iinyielding  character  of  the  fibrous  tissue 
of  the  ovary.  Thus  a  metabolism  that  would  otherwise 
become  katabolic  and  diffuse,  results  in  anabolic  in- 
tensity (§  159,  §  161),  The  results  of  nerve  actiou  on 
the  epithelial  cells  of  the  membrana  granulosa  are  the 
production  of  ions,  as  in  the  ca-se  of  muscular  or  gland 
polarization  (§  20S,  §  1S2 — 184).  The  tendency  of 
these  ions  is  to  form  simple  combinations  with  the 
evolution  of  heat,  but  this  is  rendered  impossible  by 
the  resisting  pressure  of  the  fibrous  tissue.  The  ovum, 
situated  in  the  midst  of  an  aggregation  of  cells  of  the 
discus  proligerus,  and  being  the  only  cell  not  con- 
nected with  nerve  filaments,  becomes  enveloped  in  an 
intense  potential,  and  as  the  ions  continue  to  develop 
by  nerve  action  they  are  forced  into  the  molecular 
construction  of  the  ovum. 

It  has  been  generally  supposed  that  the  ovum  is 
built  up  by  osmosis.  This  is  impossible,  as  osmotic 
actiou  is  impelled  b}'  a  higher  becoming  a  lower  poten- 
tial, and  to  build  up  the  high  potential  ovum  by  such 
actiou  is  similar  to  luaking  water  run  upwards.  Os- 
motic attraction  could  not  diflfereutiate  the  ovum  from 
the  cells  of  the  membrana  granulosa. 

The  nutrition  of  the  celLs  of  the  discus  proligerus  is 
probably  furnished  b}*  osmotic  displacement.  Having 
lost  potential  by  polarized  action,  they  regain  it  by 
the  combustion  of  molecules  of  high  potential  from  the 
blood;  aud  later,  after  the  development  of  the  follicular 
theca,  it  is  possible  that  this  takes  place  entirely  through 
the  nerve  filaments,  the  entire  nutrition  of  the  ovum 
being  derived  through  a  nerve  route,  and  not  directly  from 
the  blood  (§1  23S).  In  this  case  the  cells  of  the  mem- 
brana granulosa,  being  in  direct  connection  with  the 
nerve  filament,  receive  by  displacement,  as  nutrition, 


231 


REPRODUCTION 


351 


molecules  of  carbon  dioxide,  COj,  and  HjO,  or  lijdro- 
gen  carbonate,  H^COa,  through  the  neurones,  and  by 
polarization  convert  these  molecules  into  ions  of  carbon, 
hj'drogen  and  oxygen,  which  partially  or  wholly  are 
associated  with  and  potentially  build  up  the  ovum.  In 
the  early  history  of  the  Graafian  follicle,  before  the 
•complete  development  of  the  basement  membrane,  os- 
motic communication  with  the  blood  remains  intact, 
but  it  is  quite  possible,  toward  the  end  of  its  history,  that 
the  Graafian  follicle  presents  the  anomaly  of  a  part  of 
the  body  being  nourished  through  the  nervous  system. 
A  blofxi  supply  is  necessary  in  laying  the  base  of  the 
cell,  but  afterwards  its  negative  potential  may  be  main- 
tained or  raised  by  ions  produced  by  nerve  action 
(§  208),  or  by  molecules  of  nutrition  supplied  by  dis- 
placement through  a  neurone  (§  238).  The  develop- 
ment of  the  follicular  theca  marks  a  change  in  the 
nutrition  of  the  follicle  and  hence  cell-segmentation 
ceases.  As  the  follicle  matures  it  gradually  presses  on 
surrounding  tissue  and  seeks  to  escape  by  the  path  of 
least  resistance.  This  implies  a  tension  from  within, 
and  points  to  osmotic  tendencies  lieiug  from  within  out- 
wards. 

231.  Maternal  Psychic  IttjJuence.  If  vibration  is  the 
medium  through  which  ps3'cliic  force  is  transformed 
into  material  manifestations,  then  we  have  a  key  to 
maternal  impressions  on  the  ovum.  As  a  thought 
plays  upon  the  molecular  vibrations  of  a  cerebral  cell 
the  vibrations  are  transmitted  along  the  fibril  and 
polarize  an  epithelial  cell  in  the  discus  proligerus,  and 
in  consequence  of  such  polarization  an  ion  is  produced. 
The  ion  quivering  in  harmony  with  the  oscillatory 
movement  of  the  initiatory  psychic  action  is  incorpor- 
ated  into    the    molecular    construction    of    the    ovum. 
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Like  a  ray  of  energy  from  the  surface  of  the  sun  the 
vibration  travels  until  it  meets  a  certain  resistance, 
when  it  becomes  localized  (§  205).  The  atom  so  incor- 
porated may  be  displaced,  but  its  vibratile  influence  by 
a  modification  of  cell-vibration  remains  for  all  time,  and 
manifests  itself  by  sympathetic  responsive  action  at 
various  periods  throughout  the  life  of  the  ovum,  or  of 
the  individual  of  which  it  is  the  primary  unit. 

232.  When  a  Graafian  vesicle  breaks,  the  Fallopian 
fimbriap.  are  bathed  by  the  liquor  folliculi.  This  fluid 
excites  the  sensitive  fimbria,  which  contract,  and  the 
ovum  is  drawu  into  the  Fallopian  tube.  This  excita- 
tion appears  to  be  similar  to  the  action  of  alkaline  fluids 
on  the  spermatozoa. 

Within  the  tube  the  ovum  rides  on  the  vibratile 
waves  of  the  ciliated  epithelium  of  the  tube.  Cilia 
seem  to  be  distinct  electric  bodies  of  extremely  delicate 
sensitiveness,  and  indicate  by  the  direction  of  their 
vibrations  the  direction  of  the  current  in  the  part  of  the 
br>dy  in  which  they  are  situated.  When  it  is  considered 
that  the  human  organism  is  made  up  of  cells  of  very 
high  potential,  and  that  chemic  action  is  going  on  con- 
stantly, it  will  be  uuderstood  how  these  delicate  fila- 
ments are  bent  toward  the  direction  in  which  their 
potential  is  attracted.  From  the  analogy  that  exists 
between  the  ciliary  filaments  and  tails  of  spermatozoa 
(§  234)  it  is  probable  that  cilia  are  excited  at  their 
attaclied  euds  by  the  secretion  at  the  small  nodule  from 
which  they  arise.  The  excited  points  become  negative 
(§  1 86),  which  would  make  the  free  ends  electro- 
positive. 

The  ovum  has  an  intense  negative  potential.  Its 
chemistry  is  indefinitely  known,  but  probably  it  exceeds 
a  quantitatively  equal  amount  of  carbon  dioxide  in  its 
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negativity.     The  negative  ovum  therefore  attracts  the 

positive    free   ends  of   the   cilia.     When    there   are   a 

number    of    cilia    in    contact    with     the    ovum    they 

have  sufficient  force  to  rebound  in  the  direction  of  their 

natural  vibratile  movement,  carrying  the  ovum  along 

("wi-th  them.     The  ovum  then  attracts  others  and  the 

process  is  repeated.     If  there  were  placed  in  line  an 

indefinite  number  of  ova  passing  over  cilia  there  would 

be   a.  demonstration  of  the  method  of  electric  travel  in 

the     galvanic  current  (§  46),  a  method  we  have  called 

tra.p>cziform.     It  takes   from   four  to  six  days  for  the 

0"V'vx:in  to  reach  the  uterus. 


FJK-  1 10. 
Representation  of  an  Ovum  riding  on  Ciliary  Epithelium. 

^7,.  Male  Reproductive  Organs.     For  the  purposes 

*^*   ^lis  work  it  is  only  necessary  to  refer  to  certain  ana- 

'^^^lical   structures    of   the   male    reproductive   organs. 

*^om  the  same  fundamental  principles  and  histological 

^*^^ments,  from   whicli  the  ovary  is  developed,  nature, 

y    altering  the  environment  and  conditions,  produces 

^^fferential  results. 

Each  semeniferous  tube  is  connected  with  the  base- 
ment membrane,  which  is  divided  into  two  layers:  (i) 
^  delicate  homogeneous  layer  on  which  rest  the  epi- 
tilielial  cells;  and  (2)  a  layer  of  endothelial  cells,  which 
gradually  pass  into  the  interstitial  tissue  and  bound 
the  lymphatic  spaces.  From  the  epithelial  cells  the 
spermatozoa  are  developed.  The  nerves  of  the  testes 
are  distributed   to  the  surfaces  of  the   semeniferous 
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tubes.     They  have  not  been  traced  to  the  epithelial 
lining  of  the  tubes. 

The  layer  of  the  endothelial  cells  in  the  testis  is  the 
analogue  of  the  luembrana  granulosa  in  the  Graafian 
follicle,  and  the  cells  of  both  are  the  real  terminals 
of  the  cerebro-spinal  nerves.  The  placements  of  the 
niembranas  propriae  are  important,  and  indicate  the  fun- 
damental causes  of  diflferentiation  of  ova  and  sperma- 
tozoa. In  the  ovary  the  membrana  propria  of  the 
follicle,  which  is  comparatively  dense,  is  placed  between 
the  terminal  nene  cells — membrana  granulosa — and 
the  circulation;  in  the  testis  the  membrana  propria, 
which  is  delicate,  is  placed  between  the  terminal  nerve 
cells — the  endothelial  layer — and  the  epithelial  cells, 
from  which  are  derived  the  spermatozoa.  In  the 
Graafian  follicle  the  nerves  undoubtedly  pass  through 
the  basement  membrane,  in  the  testis  they  do  not. 
The  endothelial  layer  of  cells  border  on  the  lymph 
spaces. 

Now,  after  the  formation  of  the  basic  membrane  if  any 
part  of  the  blood  reaches  the  interior  of  the  Graafian 
follicle  it  must  consist  of  the  more  diffusible  elements; 
but,  as  we  have  already  suggested,  it  is  probable  that 
it  is  only  through  the  nerve  filaments  that  such  ele- 
ments are  conveyed  to  the  follicle,  and  it  is  probable 
that  osmosis  is  outward  and  not  inward.  Membranes 
are  formed  of  elements  which  are  free  to  act  on  their 
own  polar  attraction  and  their  placements  are  at  the 
margins  of  induced  spheres. 

The  endothelial  cells  in  the  testes,  acted  on  by  nerve 
filaments,  produce  ions,  hydrogen,  carbon  and  oxygen. 
The  action  of  these  ions  on  the  lymph  salts  results  in 
the  formation  of  other  salts  and  the  setting  free  of 
secondary  ions,  electro-negative  compounds  of  nitrogen 
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and  phosphorus.  At  the  point  of  formation  these 
nascent  elements  and  others  are  divided  into  two 
classes,  which,  owing  to  the  polarity  of  tissues,  take 
different  directions.  The  electro-positive  compounds 
go  inward  and  are  carried  along  with  the  lymph 
stream,  and  the  electro-negative  outward  to  the  tubuli 
seminiferi.  The  current-direction  is  the  satne  that 
obtains  in  the  stomach,  at  least  in  some  of  its  glands, 
but  there  is  this  difference  :  The  osmosis  in  the  stomach 
is  from  the  blood  vessels  to  the  gastric  cavity,  whilst 
in  the  testicle  it  is  from  the  lymphatics  to  the  tubuli. 
The  osmotic  current  which  passes  toward  the  tubuli  is 
in  the  main  electro- negative;  it  however  contains  elec- 
tro-positive bases  chemically  united  with  stronger 
electro-negatives.  Compounds  of  the  proteid  class, 
such  as  nuclein,  built  up  to  an  electro-negative  charac- 
ter by  the  ions,  are  included.  The  latter  become  the 
chromosomes  of  the  cells.  It  does  not  appear  that 
hydro-carbons  pass  outward.  They  are  electro-positive 
and  incapable  of  being  qualitatively  changed  by  fur- 
ther anabolism.  From  the  material  of  this  osmotic 
stream  are  constructed  the  differentiated  elements  of 
the  spermatozoon. 

What  are  the  electric  qualities  of  the  elements  of  the 
spermatozoon?  An  axial  fiber  which  is  electro-nega- 
ative,  the  units  of  which  arc  surrounded  by  elements 
of  nutrition  which  are  electro- positive ;  and  an  end- 
knob  or  centrosome  which  is  electro-positive,  sur- 
rounded by  chromosomes  which  are  electro-negative, 
the  latter  having  electro-positive  fields.  The  sperma- 
togenetic  cells  are  furnished  with  all  the  nutrient  ele- 
ments of  which  they  are  themselves  composed.  The 
essential  elements  for  subdivision  are  loosely  held,  and 
the  pressure  and  temperature  are  such  that  these  ele- 
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meuts  unite  readily  with  the  cell.  Division  takes 
place  because  the  necessary  nutriment  is  at  hand,  and 
the  number  of  times  the  cells  divide  is  regulated  by 
the  proportionate  amount  of  nutrition.  The  shape  of 
the  cell  accords  with  the  mould,  each  individual  par- 
ticle following  the  course  of  least  resistance,  and  each, 
according  to  its  weight  and  potential,  travelling  its 
allotted  distance.  As  the  material  reaches  the  tubule 
the  osmotic  force  and  pressure  decrease.  As  the  cur- 
rent slows  elements  are  precipitated,  the  heavier  and 
positive  first,  and  afterwards  the  lighter  and  negative. 
Thus  calcium  or  other  bases — carried  in  the  induced 
fields  of  negative  molecules — form  the  end-knob,  and 
the  more  negative  elements  form  the  tail.  Each  mole- 
cule of  high  potential,  however,  is  surrounded  by  its 
induced  field  in  which  smaller  molecules  of  opposite 
quality  are  located.  The  position  of  spermatozoa  in 
the  tubule  supports  this  explanation,  the  head  approx- 
imating the  membrana  propria. 

The  nucleolus  being  formed  by  precipitated  bases  of 
electro-positive  quality,  and  the  nucleus  being  formed 
of  negative  material — chromosomes  etc. — consequently 
between  the  material  of  the  nucleus  and  the  nucleolus 
there  is  attraction.  The  chromosomes  of  the  spermato- 
zoon have  been  built  up  by  the  product  of  action  of  the 
cells  of  tlie  endothelium,  and  in  this  respect  differ  from 
the  chromosomes  of  the  nerve  or  other  cells  which — 
after  the  formative  stage — are  built  up  under  the 
potential  of  their  own  nucleoli,  which  is  negative,  and 
are  then  repelled  from  the  nuclear  area.  The  units  of 
the  axial  fiber  are  negative  and  are  surrounded  by 
positive  nutrient  material  carried  along,  in  their  in- 
duced spheres,  from  the  lymph. 
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The  essential  differentiation  in  the  spermatozoon  and 
ovum  is  the  respective  electro-positivity  and  electro- 
negativity of  their  nucleoli,  an  important  factor  in  this 
differentiation  being  the  lessened  pressure  in  the  tubuli 
from  their  being  open,  and  the  increased  pressure  in 
Graafian  vesicles  from  their  being  closed.  The  ele- 
ments of  the  nuclei  and  cytoplasm  of  the  ovum  and 
sperm  are  mainly  negative,  being  constructed  in  their 
later  metabolism  by  the  action  of  the  cells  of  the  endo- 
thelium and  membrana  granulosa.  In  consequence  of 
the  material  of  their  nuclei  being  of  the  same  quality 
the  nucleus  of  the  sperm  is  added  in  bulk  to  the 
nucleus  of  the  germ,  there  being  no  chemic  union  or 
diffusion.  It  is  possible  that  the  nucleoli  of  the  first 
layer  of  spermatogenetic  cells  are  negative,  and  that  as 
they  proceed  outwards  they  are  joined  by  the  precipi- 
tated bases  and  converted  into  a  positive  potential.  If 
the  conditions  of  the  tubuli  seminiferi  were  snch  that 
the  cells  of  the  second  layer  could  escape  without  fur- 
ther subdivision  the  nucleoli  might  be  negative  as  in 
ova  and  as  in  nerve  cells — hence  iaipoteucy. 

The  main  factors  in  the  subdivision  of  cells  as  viewed 
from  testicular  conditions  seem  to  be:  (i)  Lymph 
osmosis;  (2)  ions  produced  by  action  of  cells  and  acting 
on  lymph ;  (3)  polar  differentiation  of  secreting  cells  so 
that  the  negative  stream  goes  toward  the  dividing 
cells;  (4)  regulation  of  the  pressure  so  that  there  is  a 
rearrangement  of  the  constituents  of  the  osmotic  mate- 
rial according  to  their  own  polar  attractions.  The  con- 
clusions are  inevitable  that  division  or  non-division  of 
a  cell  is  owing  to  the  character  of  its  nutrition,  and  not 
to  the  quality  of  the  cell;  that  division  is  not  exclu- 
sively a  physiologic  property  but  also  a  physical  prop- 
erty, and  that  any  molecule  will  divide  under  proper 
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conditions ;  and  that  extrinsic  pressure  is  an  important 
factor  in  division  as  shown  in  the  various  decrements  of 
pressure  in  a  vacuum  tube. 

Granting  that  the  general  formula  of  the  cell-mole- 
cule or  physiologic  unit  is:  —  0„N„P„C„H„+  ,  it  is 
evident  that  if  it  is  fed  with  oxygen,  carbon  and  hj-dro- 
gen,  it  may  be  built  up  to  a  high  negative  potential  as 
in  the  ovum,  or  it  may  functionate  as  in  a  nerve  or 
muscle,  but  it  is  equally  evident  that  it  cannot  repro- 
duce from  such  nutritional  elements,  except  at  the 
expense  of  its  stability.  If  it  is  fed  with  compounds  of 
oxygen,  nitrogen,  phosphorus,  carbon  and  hydrogen 
under  the  essential  conditions  it  may  reproduce  a  unit 
similar  to  itself.  Furthermore  if  to  these  elements  are 
added  a  positive  element  such  as  calcium  or  sodium,  it 
is  obvious  that  reproduction  may  take  place  with  a 
change  in  the  character  of  the  unit.  It  is  also  obvious 
that  if  division  take  place  a  number  of  times  and  the 
unit  fed  with  the  positive  element  that  its  quality  may 
be  entirely  changed  from  a  negative  molecule  to  a  posi- 
tive oue.  This  is  exactly  what  must  take  place  in  the 
metabolic  changes  that  convert  the  spermatogonia,  evi- 
dently having  negative  nucleoli,  into  cells  with  electro- 
positive nucleoli  and  having  fecundating  properties. 
Beginning  with  two  cell-molecules  qualitatively  identi- 
cal nature  feeds  one  with  a  few  elements,  in  the  main 
negative,  and  constructs  an  ovura-nucleolus,  and  feeds 
the  other  with  elements,  in  the  main  of  a  positive 
quality,  and  converts  it  into  a  sperm-nucleolns;  and  the 
relationship  of  the  two  is  as  that  of  water  of  cr>'stalliza- 
tion  and  the  crystallizing  salt — the  one  is  coeflScient 
to  the  other. 

When  mixed  material  as  the  lymph  is  divided  by 
means  of  osmosis  induced  by  the  polarity  of  tissues. 
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molecules  of  high  potentials  are  more  sensitive  to  the 
inductive  influence  than  molecules  of  less  potentials, 
but  these  high  potential  molecules  have  within  their 
induced  fields  smaller  molecules  of  opposite  potentials, 
therefore  in  any  case  there  is  a  mixed 
osmosis.  In  osmosis  of  electro-nega- 
tive material  the  larger  molecules 
are  negative,  but  within  the  induced 
fields  of  these  there  are  many  smaller 
positive  molecules.  This  is  exem- 
plified by  the  electric  induction  of 
spermatozoa  which  are  carried  to  the 
positive  pole,  although  they  have 
man}'  positive  molecules  in  their 
structure. 

The  semen  as  ejected  consists  of  the 
secretion  of  the  testicle,  diluted  with 
that  of  the  seminal  vesicles,  prostate, 
Cowper's  glands,  and  the  mucous 
membranes  traversed.  In  the  con- 
centrated and  probably  neutral  or 
electro-negative  fluid  secreted  by  the 
testicle  and  epididymis  the  sperma- 
tozoa show  no  movement.  The  move- 
ments commence  when  dilution  takes 
place  by  the  secretions  of  the  other 
organs  mentioned  which  have  a  posi- 
tive reaction  and  which  furnish  a 
physiologic  stimulus  to  the  negative 
axial  fiber  of  the  spermatozoon.  This 
fact  is  typical  of  initiatory  stimuli  to  the  pneumogastric 
afferent  fibers  in  the  heart  and  lungs  by  the  alkalin- 
ity of  the  blood  serum. 


Fig.  III. 
A  human  8|ierinalo- 
zooD :  A,  iieail  or 
nucleus;  B,  c  n  d  - 
knob,  centrosonie  or 
nucleolus;  C,  mid- 
dle piece;  D,  flttgel- 
lum;  E,  end-piece. 
The  flagcUuni  evi- 
dently consists  o  f 
an  axis  covered  by 
indifTcrent  material 
or  sheath  but  ex- 
posed at  c  anil  k. 
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234.  The  spermatozoa  are  elements  highly  special- 
ized, having  intense  potential  and  tenacious  vitality. 
A  mamiualiau  spermatozoou  is  made  up  of  the  head* 
middle  piece,  and  tail.  The  head  terminates  anteriorly 
iu  a  blunt  rounded  extremit}',  and  is  the  modified  nu- 
cleus of  the  cell.  The  middle  piece  is  connected  ante- 
riorly with  the  head  by  an  enlargement,  the  end-knob, 
which  is  considered  to  be  the  nucleolus  or  centro- 
some,  and  fades  posteriorly  into  the  delicate  caudal 
filament.  The  center  of  the  flagellum  is  occupied  with 
an  axial  fiber  extending  from  the  head  to  the  extreme 
end  of  the  tail,  where  it  alone  forms  the  terminal  seg- 
ment. It  also  forms  the  articulation  between  the  head 
and  middle  piece.     The  cilium  or  tail  is  the  cytoplasm. 

The  vibratory  action  of  the  spermatic  filament  con- 
tinues for  hours  and  even  days.  The  opinion  has  been 
entertained  that  they  will  retain  their  powers  of  fecuu-y 
datiou  in  the  female  generative  tract  for  weeks.  The. 
exact  chemistry  of  the  spermatozoon  is  not  known;  it 
is,  however,  composed  largely  of  nuclein,  a  substance 
whose  potential  has  been  estimated  to  be  of  positive 
quality  (§  155),  and  which  is  probably  the  base,  or  part 
of  the  base,  of  the  physiologic  molecule  of  the  axial 
fiber,  the  complete  molecule  of  the  axis  being  chem- 
ically electro-negative.  The  central  part  of  the  sper- 
matic filament  running  its  whole  length  is  probably  a 
primitive  axis  cylinder.  Its  units  are  surrounded  by 
protoplasmic  elements  from  which  it  replenishes  its 
store  of  energy  as  the  molecules  of  an  axon  does  from 
a  nerve  cell  {§  162),  or  as  an  anisotropic  molecule  does 
from  the  isotropic  substance. 

235.  The  axis  is  seemingly  exposed  at  two  points, 
the  posterior  terminal   and   the   neck ;   and  at  one  of 
these   points    its  excitation   must  take    place.     It    re- 
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quires  an  alkaline  or  electro-positive  fluid  to  excite  it 
because  of  its  negative  molecular  potential.  When 
excited  the  axis  becomes  polarized  and  the  point  of 
excitation  becomes  negative  (§  iSS),  That  is,  the  unit 
excited  turns  its  negative  pole  towards  a  positive  fluid, 
and  its  positive  pole  towards  a  negative  molecular  po- 
tential in  the  mass  of  the  axis. 

It  has  been  said  that  the  wave  commences  at  the  neck 
and  proceeds  towards  the  tail ;  this  indicates  that  the 
neck  is  the  point  of  excitation  and  leading  off  point. 
The  head  terminal  becomes  negative  and  the  posterior 
terminal  positive,  as  shown  by  the  experiment  of  Mayer 
(§  190,  §  191). 

236.  After  ejaculation  the  seminal  fluid  probably 
bathes  the  cervix  uteri.  What  are  the  forces  by 
which  the  spermatozoa  enter  the  os  uteri,  traverse  the 
uterine  cavity  aud  Fallopian  tubes,  and  are  thus 
brought  in  contact  with  the  ovum?  It  has  been  stated 
that  the  uterus  when  undergoing  the  venereal  orgasm 
by  suction  draws  the  spermatic  fluid  within  its  cavity. 
This  may  be  an  important  factor  in  some  cases  as  far 
as  traversing  the  cervix  is  concerned;  but  there  is  a 
large  proportion  of  women  that  bear  children  that  never 
had  an  orgasm;  and  there  are  well  authenticated  cases 
in  which  the  fluid  was  merely  placed  on  the  vaginal 
lips.  It  is  evident  that  suction  during  an  orgasm  will 
not  explain  these  cases.  An  important  consideration 
in  the  explanation  of  the  phenomena  attending  the 
traversing  of  the  female  generative  organs  by  sperma- 
tozoa is  that  the  ovum  travels  by  means  of  stationary 
cilia  and  the  spermatozoon  travels  by  means  of  an  in- 
dependent cilium.  The  evidence  shows,  however,  that 
although  the  sperm-cilium  by  its  molecular  polariza- 
tion furnishes  the  momentum   by  which  the  forward 
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movement  is  accomplished,  the  direction  of  tbe  move- 
ment is  effected  by  the  terminal  potential  of  the  head 
or  ueck,  which  is  electro-negative.  The  tail  wags  and 
the  head  has  to  move,  but  the  direction  of  the  move- 
ment is  according  to  the  instinct  of  the  negative  head 
or  neck. 

The  head  of  a  spermatozoon  being  the  negative  end, 
when  in  the  proximity  of  the  os  uteri,  will  be  attracted 
to  the  OS  because  of  the  positive  potential  of  the  uterine 
secretion.  When  within  the  uterine  cavity  the  chief 
force  that  directs  the  sperm  is  the  ciliary  current.  The 
problem  for  solution  is:  What  way  do  spermatozoa 
travel  upwards  by  this  current  when  the  ova  travel 
downwards  by  the  same  force? 

237.  Flint  refers  to  a  memoir  by  Lott  containing  ob- 
servations on  the  behavior  of  spermatozoa  under  the 
microscope,  and  in  the  presence  of  electric  currents.  It 
was  shown  by  the  experiments  of  Lott  that  in  the  part 
of  the  field  where  the  current  was  strong  the  moving 
spermatozoa  were  carried  along  with  it,  but  when  the 
current  was  comparatively  feeble  the  spermatozoa  made 
their  way  against  it.  In  treating  of  the  galvanic  cur- 
rent passing  througli  fluid  (§61,  59)  it  was  stated  that 
oxygen  in  the  molecule  of  water  becoming  electrified 
by  tlie  positive  current  was  attracted  towards  the  nega- 
tive to  the  point  of  neutralization,  and  then  by  induc- 
tion it  irauiediately  returned  to  the  positive  pole. 

238.  Now,  a  critical  examination  will  show  that  the 
fundamental  principles  governing  Lott's  experimental 
facts  and  those  governing  oxygen  in  a  fluid  are  identi- 
cal. Oxygen  when  charged  positively  will  seek  the 
negative  pole,  but  when  not  charged  it  will  seek  the 
positive  pole  by  induction.  In  Lott's  experiments  the 
spermatozoids  when   under  a  strong  current    become 
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directly  charged,  and  by  virtue  of  that  charge  are  car- 
ried towards  the  negative  pole;  but  when  very  small 
currents  were  used  other  materials  more  minute  and 
more  easily  moved  was  charged,  and  in  this  case  a 
spermatozoid,  being  of  negative  potential  at  the  head 
and  negative  in  aggregate  mass,  as  oxygen  is  neg- 
ative, moves  by  induction  towards  the  positive  pole. 

The  ova  are  carried  along  mechanically  by  the  ciliary 
movement,  which  is  directed  by  the  potential  of  their 
free  ends  which  is  of  positive  quality.  The  spermato- 
zoa do  not  touch  the  cilia,  but  by  induction  seek  the 
positive  pole  of  the  ciliary  current  which  is  at  the  ova- 
rian end  of  the  Fallopian  tube.  They  are  directed 
entirely  by  the  negative  potential  of  the  head;  which, 
like  oxygen  and  other  negatives,  seeks  the  positive 
pole. 


Fertilization 


239.  The  spermatozoa  and  the  ovum  usually  meet  in 
the  Fallopian  tubs  near  the  ovarian  end.     The  sperma- 
tozoa approach   the   ovum   and    surround   it    in    large 
numbers.     They  lash  their  tails  and  several  may  suc- 
ceed in  reaching  the  perivitelline  space,  but  only  one 
penetrates  the  substance  of  the  ovum.     The  success  of 
one  causes  the  collapse  of  the  others.     The  head  of  the 
successful   one,    now    called    the    sperm-nucleus,    sep- 
arates from  the  tail  and  makes   its   way  towards  the 
center  of  the  ovum.     By  the  act  of  separation  the  sperm 
becomes   an   electro-positive   body  dominated    by   the 
nucleolus.     The  egg-nucleus  also  moves  towards  the 
center,  where  the  two  meet  and  form  the  first  segmen- 
tation-nucleus.     The    middle    piece    accompanies    the 
head  to  the  interior  of  the  egg. 
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What  is  the  character  of  the  attraction  that  exists 
between  the  nuclei  or  nucleoli  of  the  sperm  and  the 
ovum?  Admittedly  physiologists  have  not  found  a 
satisfactory  answer. 

We  have  stated  that  crystallization,  coagulation,  con- 
tractility, gland-cell  action  and  conductivity  dep>end 
upon  polarization,  and  we  now  bring  forward  this  fun- 
damental property  of  all  matter  to  consider  it  as  the 
cause  of  the  mutual  attraction  between  the  nucleoli  of 
the  ovum  and  the  sperm. 


\ 


B 
Fig.  1 1 J. 

Stages  in  the  fertiltzition  of  the  eg'^  (after  H^Usok).  The  drawings  were 
made  from  sections  of  the  egga  of  the  sea-urchin,  Toxopneuites  tMrie- 
gatus,  Ag.  A.  tlie  surfHCe  of  the  egg  has  become  elevated  to  form  c\  the 
entraacc-coite  for  the  spermatozoon;  the  head  (h)  and  the  middle  piece 
(m)  of  the  latter  have  entered  the  egg.  b.  Five  minutes  after  entrance 
of  the  spermatozoou;  the  head,  now  the  male  pronucleus,  has  rotated 
180  degrees,  and  has  travelled  deeper  into  the  ovum;  the  cytoplasm  of 
the  latter  has  become  arranged  in  a  radiate  manner  about  the  middle 
piece  of  the  spermatozoon,  now  the  centrosome,  to  form  the  sperm- 
aster;  theegg-nwclcus,  now  the  female  pronuck-us,  is  approaching  the 
sperm-nucleus;  its  chromatin  forms  an  irregular  reticulum. 

240.  It  must  be  distinctly  kept  in  view  that  neither 
the  nucleolus  of  the  ovum  nor  the  centrosome  of  the 
sperm  has  been  called  into  functional  activity  previous 
to  their  union.  The  part  played  by  them  has  been 
entirely  negative.  They  have  been  built  up  from  the 
potential  of  environing  structures  (§  159),  but  sep- 
arately neither  is  capable  of  performing  their  special 
function.     That  function   fundamentally  is  simply  to 
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alternately  polarize  and  depolarize,  and  specialization 
resides  in  environing  conditions.  It  is  seen  that  certain 
salts  cannot  crystallize  without  the  water  of  crystalliza- 
tion, that  coagulation  cannot  take  place  without  the 
presence  of  calcium,  and  that  muscular  contraction  is 
only  eflfected  in  the  presence  of  certain  salts  in  the  iso- 


D  i 

Fig. 113- 
Stages  in  the  fertilization  of  the  egg  (continued  from  Fig.  112).  c.  Ten 
minutes  after  entrance  of  the  spermatozoon  ;  the  male  and  the  female 
pronuclei  ha-ve  met  near  the  center  of  the  egg  and  the  fusion  has 
began;  the  former  has  become  enlarged  and  its  chromatin  has  become 
loosely  reticnlated ;  the  sperm-aster  has  become  enormously  enlarged  ; 
the  single  centrosome  has  been  divided  into  two,  which  lie  upon  either 
side  of  the  sperm-nucleus,  d.  Still  later  after  entrance  of  the  sper- 
matozoon; the  two  pronuclei  have  united  to  form  the  first  segtnen- 
tation-nndeos ;  the  sperm-aster  has  become  divided  into  two  asters, 
which  have  moved  to  opposite  poles  of  the  nucleus;  the  egg  is  now 
ready  to  undergo  segmentation.  {From  the  American  Text-Book  oj 
Physiology. "i 
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tropic  substance;  furthermore,  that  the  common  basis 
of  these  and  other  phenomena  is  polarization,  and  the 
essential  additional  substance  we  have  called  associated 
molecules  of  polarization.  In  short,  the  theory  is  here 
advanced  that  the  relationship  of  the  sperm  centrosome 
to  the  germ-nucleolus  is  identical  to  the  relationship  of 
the  associated  molecules  of  polarization  to  the  polar- 
izing body,  and  to  the  relationship  of  the  water  of 
crystallization  to  the  crystallizing  salt.  Clearlj'  an 
electro-positive  element  such  as  calcium  existing  in  the 
sperm-centrosome  is  the  base  of  the  associating  mole- 
cules of  polarization  of  the  germ-nucleolus,  the  latter 
having  a  potential  similar  in  quality  to  hydrogen  car- 
bonate, which  is  electro-negative. 

241.  Observations  prove  that  the  germ-nncleus  ad" 
vances  lo  the  center  of  the  ovum  to  meet  the  sperm- 
nucleus,  and  that  only  one  spermatozoon  penetrates  the 
ovum.  This  prov-es  that  a  distinct  spherical  equilibrium 
has  been  established  between  one  spermatozoon  and  the 
ovum  and  that  attraction  has  ceased.  For  the  first 
time  in  the  history  of  the  genn-nnclcolus  it  rounds  out 
into  a  true  spherical  form  under  molecular  polarization. 
Under  the  stimulus  of  the  new  conditions  it  immedi- 
ately proceeds  to  divide. 

The  sperm-nucleus  seems  to  be  added  grossly  to  the 
germ-nucleus,  and  both  are  brought  under  the  inductive 
magnetic  influence  of  new  nucleoli  or  lentrosomata. 


CHAPTER  XIX 


Cell-Division 


242.  An  adult  cell  cousists  of: 

/.  The  JVitcIeolus^  a  highly  refracting  body,  diflfer- 
entiated  from  the  other  parts  of  the  cell  by  peculiar 
staiuing.  It  closely  approximates  but  is  separated 
from  the  nuclear  material.  It  disappears  during  the 
division  of  the  nucleus,  and  reappears  within  the 
newly  formed  nuclei.  Chemically  it  is  supposed  to 
cousist  of  parauucleiu. 

2.  The  Nucleus,  surrounding  the  nucleolus,  and 
surrounded  by  a  nuclear  membrane.  It  contains 
complex  chemical  constituents  reacting  dififerentially 
to  staining  reagents,  the  most  pronounced  being 
chromatin,  the  interspaces  of  which  is  filled  by  a 
nuclear  matrix,  the  achromatiu  substance.  Chem- 
ically the  chromatin  has  uuclein  as  a  constituent. 
It  presents  itself  in  dififerent  forms  according  to  nu- 
clear activity,  usually  as  strands  or  threads.  Within 
the  chromatic  substance  there  has  been  observed  a 
network  of  very  fine  threads,  achromatic  in  charac- 
ter, called  the  linin. 

J.  T/w  Proloplasm,  enveloping  the  nucleus.  It 
consists  of  a  highly  elastic  and  extensible  portion 
called  the  spongioplasm  or  mitom,  and  an  interstitial 
.substance,  the  hyaloplasm.  The  spongioplasm  is 
generall}'  assumed  to  be  fibrillar  in  character. 
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Recent  investigators  have  described  the  paranucleus, 
which,  according  to  Plainer,  is  an  extrusion  of  the  nu- 
cleus. It  lies  within  the  protoplasm  near  the  nucleus. 
Also  a  very  small,  round,  highly  refracting  body,  called 
the  centrosonie,  has  been  found  in  certain  cells.  The 
centrosome  is  surrounded  by  an  area  called  the  attrac- 
tion-sphere. The  paranucleus  and  the  centrosome  con- 
spicuously manifest  themselves  during  the  changes 
incident  to  the  division  of  the  nucleus,  although  they 
are  supposed  to  exist  during  cell-rest.  The  centrosome 
is  considered  as  the  dynamic  center  of  the  cell,  as  it 
becomes  prominent  during  cell-division.     In  the  resting 


Fig.  114- 

Structure   of  the  cell   as    described  by  observers:    a,  spcngioplasni,  ar-' 
tanged  as  leticulum,  hyaloplasm  lies  within  the  latter;  B,  cell-wall;  c. 
chromaiiu  fiIainL>tits,  between  which  lies  nuclear  matrix;   d,  nuclear 
membrane  :  K,  nucleolus. 


cell  it  has  been  described  as  a  single  or  double  puncti- 
firm  body  surrounded  by  a  clear  area  showing  fine 
radiate  lines. 

The  manifestations  of  structural  changes,  in  the  sev- 
eral phases  of  mitosis  as  described  by  observers,  are 
essentially'  as  follows : 

Amongst  the  early  mitotic  events  is  the  disappear- 
ance of  the  nucleolus.  Migration  of  the  centrosome 
takes  place,  followed  by  its  division  into  halves,  which 
move  apart.     Round  each  half,  or  new  centrosome,  are 
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developed  delicate  rays  ;  part  of  these  rays  constituting 
an  achromatic  spindle  of  which  the  two  centrosomes 
are  the  poles.     The  material  of  this  spindle  is  supposed 

i      to  be  identical  with  that  of  the  linin. 

f  There  occurs  an  increase  and  rearrangement  of  the 
nuclear  chromatin,  which  forms  convoluted  fibers  called 
skein  or  spirem.     These  fibers  are  known  as  chromo- 

_  somes.     As  the  achromatic  spindle  develops  the  chro- 

f  tnosomes  are  crowded  round  the  e<}uatorial  plate  or 
monaster.     In   the  stage  of  metakinesis  the  chromo- 
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Fig.  >«5. 

Showiug  constituent  units  of  cells  at  rest  and  in  action  :  •,  negative 
molecules;  O,  positive  molecules;  a,  showing  nucleolus  surrounded  liy 
chromosome  molecules,  each  occupying  separate  spaces,  according  to 
the  Concept  of  the  resting  vital  nucleus;  u,  a  chroiuusnme  molecule  sur- 
rounded by  rtchroraatic  positive  material,  such  as  nuclein,  proteid,  hy- 
dro-carbon, and  alkaline  mutter,  the  latter  occupying  the  induced  field 
of  the  chromosome  niolcculc;  c,  an  achromatic  positive  moltcule  sur- 
rounded by  oxygen  molecule?;,  typifying  uutritivc  inolecales— protcid, 
hydro-carbons  with  oxygen— the  oxygen  being  taken  on  in  the  pul- 
TOouary  circulation,  and  combustion  occurring  in  the  cell ;  D,  oxygen 
molecules — the  interuiolecular  spaces  being  occupied  by  ether;  ij,  rep- 
resenting fibril  in  the  cytoplasm  with  units  at  reat  and  free  to  assume 
the  globular  form;  F,  representing  fibril  in  cytoplasm  with  units  iu 
action,  the  plu*  and  minus  signs  in  induced  field  showing  polarised 
positive  matter. 
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somes  undergo  longitudinal  cleavage^  each  furnishing 
two  daughter  chromosomes.  The  daughter  chromo- 
somes derived  from  au  original  chromosome  separate 
and  each  is  connected  by  traction  fibers  with  its  re- 
spective centrosome.  As  the  groups  of  daughter 
chromosomes — daughter  stars — separate  the  traction 
fibers  shorten.  The  separation  of  the  daughter  stars 
proceeds  until  complete  division  of  the  cell-body  is 
effected  by  a  gradual  ring-shaped  constriction  near  its 
center,  thus  dividing  the  protoplasm.  Towards  the 
termination  of  the  process  a  skein  is  formed  from  the 
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Fig.  116. 
Mitosis:  a,  reatiug-cell  previous  to  as»aniiug  the  mitotic  condition,  sTiow- 
iug  irregularly  coiitourcri  threads  in  nucleus;  B,  cell  at  beginning  of 
mitosis,  showing  chromatin  loops  called  stage  of  <-/t)itf  skein;  r.  show- 
ing chromosomes  grouped  around  cquatur  of  achromatic  spindle,  at 
the  poles  of  which  is  seen  the  centrosomes,  MoHaiter  ;  d,  the  chromo- 
somes are  divided  longitudinally  into  two  groups,  which  are  seen 
approaching  their  respective  poles,  Afetakinem ;  v.,  completion  of 
cell-division,  Dispirem,  show^ing  constriction  dividing  cytoplasm;  f, 
resting  daughter  ouclei,  Telephasf,  modified  fromSobotta  {IruHilation 
by  Huber). 
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chromatin  of  each  daughter  star,  followed  by  the  com- 
pletion of  daughter  nuclei  with  the  acquisition  of 
nucleoli.  Thus  each  daughter  cell  receives  half  of  the 
original  centrosome,  half  of  each  chromosome,  and  half 
of  the  cell-body. 

Early  in  the  history  of  cell-division  the  nuclear 
membrane  disappears,  and  is  again  acquired  towards 
the  completion  of  the  process. 

243.  The  chronological  order  of  segmental  changes 
is  not  exactly  agreed  upon  by  observers.  We  liave 
therefore  considered  them  as  they  pertain  to  the  histo- 
logic elements  of  the  cell,  our  purpose  being  to  eluci- 
date our  conception  of  the  principles  involved  in  the 
cycle  of  events  which  collectively  constitute  karyokiue- 
sis.  It  is  essential  that  the  potential  character  and 
relationship  of  the  constituent  parts  of  the  cell  be 
understood  not  only  as  regards  the  mitotic,  but  also  as 
regards  the  resting  condition.  It  is  equally  essential 
to  bear  in  mind  the  fundamental  laws  of  attraction  and 
repulsion  as  formulated  (§  i,  §  23,  Fig.  5)  in  the  phys- 
ical part  of  tliis  work. 

That  the  nucleolus  is  a  body  molecular  in  character 
the  author  is  fully  convinced.  That  its  inductive  po- 
tential is  negative  is  evidenced  by  its  affinity  for  basic 
dyes,  and  by  the  quality  of  similar  units.  Accordingly 
it  will  repel  all  negative  bodies  and  attract  all  positive 
bodies,  just  as  an  electrically  negatively  charged  body 
does  (§  23).  A  differentiation  in  the  chemic  constitu- 
encies of  the  sperm  centrosome  and  germ  nucleolus 
shimld  be  demonstrable  by  dyes.  If  the  nucleolus 
were  composed  of  two  or  more  negative  molecules 
these  would  mutually  repel,  and  the  refracting  and 
other  properties  would  be  lost.  This  repulsion  is  mani- 
fested when  a  centrosome  becomes  two  molecules  by 
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mitosis.  If  the  centrosome  were  not  molecular  it 
could  have  no  attraction-sphere,  as  each  molecule  of  a 
mass  has  its  own  induced  area.  Th^re  is  no  diffetcn- 
tiating  line  of  demarcation  in  matter^  except  that  between 
the  molecular  and  the  mass  conditions^  xvhich  ivill  explain 
the  intrinsic  cohesiveness  or  concentrativeness  of  a  centro- 
some-body  and  the  extrinsic  diffnsibility  of  daughter 
centrosomes.  The  jnass  of  two  c^ntrosomes  rs  diffusible^ 
the  m  olecule  of  one  centrosome  is  concenlrative. 

The  nuclear  area  is  the  induced  field  of  the  nucle- 
olus. That  is,  if  the  nucleolus  is  regarded  as  having 
a  greater  inductive  potential  than  neighboring  molec- 
ular bodies  it  will  have  an  inductive  or  disturbing 
influence  over  surrounding  potentials,  and  will  dominate 
the  latter  according  to  the  law  of  forces.  The  nuclear 
area  is  filled  witli  niunerous  negative  molecules,  also 
chromatic,  which  may  be  termed  chrotnosome  molecules. 
The  nucleolus  consequently  exercises  a  repelling  influ- 
ence over  all  of  these  molecules;  and  the  chromosome 
molecules  repel  each  other.  Moreover,  the  mass  of  the 
nucleus  will  repel  a  similar  mass.  Each  chromosome 
molecule  is  surrounded  by  material  of  positive  and  of 
achromatic  character,  and  this  material  is  attracted 
towards  the  nucleolus  and  towards  each  chromosome 
molecule.  As  the  negative  molecules  repel  mutually 
according  to  the  law  of  distance  (§  i,  §  30,  §  lor),  the 
distance  between  them  is  in  direct  proportion  to  their 
inductive  potential,  modified  by  pressure  and  tempera- 
ture. The  amount  of  positive  material  in  the  cell,  that 
is,  in  the  induced  fields  of  the  negative  molecules,  is 
therefore  specific.  In  the  living  cell  the  negative  mole- 
cules in  the  nucleiis  must  remain  apart,  their  inherent 
potentials  being  mutually  repellent,  and  being  dom> 
inated  by  the  potential  of  the  nucleolus,  which  occupies 
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the  potential  or  dynamic  center.  Hence  the  formation 
of  the  chromosome  fibers  described  by  observers  must 
result  from  loss  of  vitality  (of  the  nucleolus),  or  from 
artificial  changes  produced  by  manipulatiou.  No  doubt 
the  fibers  constituting  the  liuin  are  also  artificially 
formed,  the  positive  molecules  of  which  are  dominated 
by  the  larger  negative  molecules.  The  positive  mate- 
rial consists  of  nuclein,  proteids,  hydrocarbons,  and 
alkaline  salts.  The  nuclein  may  become  the  basic  part 
of  the  negative  molecules,  being  changed  by  the  meta- 
bolism of  the  cell ;  the  other  proteids  and  hydro-carbons 
are  nutritional,  and  the  salts  have  a  specific  relation- 
ship to  cell  function,  probably  being  associating  mole- 
cules of  polarization.  An  important  consideration  in 
this  plan  of  molecular  arrangement  is  that  the  proteid 
and  hydro-carbon  molecules  carry  oxygen  in  their  in- 
duced fields,  and  are  thus  potential  carriers  to  the  cell. 
From  these  is  furnished  the  nutrition  of  the  cell,  and 
the  initiation  of  cell  changes  must  arise  from  a  modifi- 
cation of  its  nutritioti.  It  must  be  borne  in  mind  that 
throughout  the  processes  of  cell-division  a  nutritional 
stream  is  pouring  into  it,  upon  the  character  of  which 
dep>ends  the  character  of  cell-changes.  For  instance,  a 
supply  of  hydro-carbons  alone  does  not  suffice  for  cell 
reproduction  (§  i,  §  300),  although  it  suffices  for  cer- 
tain cell-activities.  A  segmcutiug  cell  must  be  sup- 
plied with  all  the  elements — carbon,  hydrogen,  nitrogen, 
phosphorus  and  oxygen — of  which  it  is  composed. 

The  centrosome  is  the  distinctive  mitotic  figure.  Its 
origin  has  not  been  decided  by  observation.  The  au- 
thor's opinion  is  that  the  nucleolus  and  cetitrosonie  are 
identical;  although  an}^  chromosome  or  nuclein  mole- 
cule built  up  under  nutritional  strain  is  capable  of 
assuming  centrosomic  properties.     On  the  eve  of  a  cell 
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taking  on  mitosis  its  quantitative  nutrition  must  be  in 
excess  of  its  mere  maintenance.  Every  molecule,  there- 
fore, must  liave  its  potential  raised  to  the  highest  pitch 
of  equilibration  (§  159,  §  162).  Hence  the  nuclear 
resting  equilibrium  is  disturbed  and  the  potential  rest- 
ing-center  changes.  Consequent!}'  the  repulsion  be- 
tween the  increased  negative  potential  of  the  nucleolus 
and  the  increased  negative  potential  of  the  chromosome 
molecules  drive  the  nucleolus  beyond  the  nuclear  cir- 
cumference. Thus  it  becomes  the  centrosome.  How- 
ever, during  the  period  of  the  cell-rest  any  negative 
molecule  may  be  increased  in  potential  and  exhibit  an 
induced  field  similar  to  that  of  the  centrosome.  It  is 
the  central  position  of  nuclear  forces  that  is  the  chief 
factor  in  this  distinctively  anabolic  process.  The  fac- 
tors in  the  maintenance  of  nuclear  equilibrium  are: 
nutrition,  pressure,  tem[>erature,  and  the  differential 
potentials  of  the  constituent  molecules;  and  a  change  in 
any  of  the  factors  will  signify  a  disturbance.  The 
nutrition  of  the  mitotic  cell  is  beyond  the  needs  of  the 
maintenance  of  the  resting  cell,  and  the  nutritional 
elements  must  contain  quantitatively  and  qualitatively 
the  atomic  elements  of  the  dividing  cell,  otherwise  a 
similar  cell  could  not  be  produced.  In  this  resides  the 
initiatory  cause  of  karoykinesis.  The  mitotic  process 
is  anabolic  in  character  and  is  effected  at  the  expense 
of  katabolisni  of  the  nutritive  elements,  which  is  in 
principle  a  combustion  between  the  proteids  or  hydro- 
carbon molecules  and  the  oxygen  in  their  induced 
fields,  specific  pressure  and  temperature  being  required 
for  their  chemic  union.  The  anabolic  process  affects 
the  nucleolus,  chromosome  molecules,  and  perhaps  nu- 
clein;  the  latter,  although  positive,  may  be  metaboli- 
cally  related  to  negative  chromosome  material.     The 
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repulsion  of  an  increased  negative  potential  forces  the 
nucleolus  to  change  its  relative  position. 

Centrosome,  nucleolar,  and  chromosome  molecules 
have  distinctive  potential-quality.  They  are  built  up 
by  new  material  being  added  to  their  surface  until  the 
centrifugal  and  the  centripetal  forces  balance.  Ex- 
trinsic pressure  and  intrinsic  centripetal  forces  support 
each  other  in  determining  the  quantitative  anabolism; 
and  the  character  of  nutritive  association  determines  it 
qualitatively.  As  the  molecule  is  increased  in  dimen- 
sions there  is  a  tendency  toward  the  formation  of  new 
centers  at  its  circumference,  but  this  alone  is  not 
sufficient  to  produce  the  phenomena  incident  to  cell- 
segraentation. 

The  conception  of  molecular  polarization  has  been 
formulated  (§  154,  §  156)  and  advanced  as  the  funda- 
mental principle  of  functional  activities  of  muscle, 
nerve,  and  gland-uuits.  Moreover,  the  dissociation  of 
molecules  by  chemic  action,  by  reduced  pressure,  or 
increased  temperature,  is  preceded  by  molecular  polar- 
ization (§  34,  §  36);  as  in  each  of  these  cases  the  dis- 
sociated molecules  of  complex  matter  do  not  divide 
into  qualitatively  equal  groups  of  atoms,  but  into  a 
more  positive  and  negative  group,  this  grouping  must 
be  accomplished  by  polarization,  although  the  molec- 
ular construction  may  not  favor  hemispherical  equality. 
It  is  a  temporary  polarization  accomplished  by  extrinsic 
force. 

The  principle  of  molecular  polarization  will  now  be 
considered  relatively  to  cell-division.  The  elements  of 
molecular  polarization  have  been  given  as  symmetrical 
hemispheres,  and  qualitatively  differentiated  but  quan- 
titatively equal  polar  potentials.  An  essential  requisite 
to  these  conditions  in  molecules  of  inductive  potentials 
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is  the  presence  of  associating  molecules  which  become 
dissociating  molecules  during  depolarization.  As  a 
corroUary  to  these  essentials  we  have  advanced  the 
conception  of  dissociating  molecules  of  polarization 
existing  under  favorable  conditions.  It  follows  that 
an  associating  molecule  must  be  specific  in  its  dimen- 
sions and  in  the  quality  and  quantity  of  its  potential. 
If  more  than  one  molecule  associate,  these  requirements 
will  apply  to  the  aggregate.  Consequently  the  charac- 
ter of  the  polarizing  molecule  determines  the  character 
of  its  polarizing  association.  Conversely,  under  highly 
complex  molecular  construction  with  delicate  responsive 
atomic  equipoise  the  character  of  the  presenting  associ- 
ating molecules  of  polarization  may  determine  the 
character  of  the  polarizing  sphere.  Thus  the  centre- 
some,  built  up  to  -A  maximum  potential,  under  the 
influence  of  slight  stimuli  polarizes.  Like  other 
physiologic  units,  it  requires  associating  molecules  of 
polarization  of  specific  character,  which  are  furnished 
*^y  the  alkaline  salts  in  the  cell.  The  centrosome 
polarizes,  but  like  the  polarization  of  all  other  mole- 
cules, whether  simple  or  complex,  whether  the  man- 
ifestation be  as  crystallization  or  as  a  physiologic 
function,  its  polarization  must  be  preceded  by  its  in- 
trinsic wants  and  its  surrounding  conditions  being 
reciprocally  responsive  and  capable  of  equilibration. 

Here  let  us  recall  the  essential  facts  of  crystalliza- 
tion, the  great  physical  analogue  of  physiologic  action: 
(i)  Specific  temperature  of  the  crystallizing  and  de- 
h3'drating  points ;  (2)  a  specific  number  of  molecules  of 
water  of  crystallization,  or  of  other  substances — associ- 
ating molecules  of  crystallization.  Thus  a  molecule  of 
magnesium  sulphate  requires  seven  molecules  of  water 
in  order  to  equilibrate  as  a  molecular  sphere,  whereas 
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magnesium  sulphite  requires  six  molecules  of  water  as 
associating  molecules.  These  salts  have  specific  tem- 
peratures at  which  crystallization  and  dehydration  take 
place. 

The  mitotic  cell  is  supplied  with  nutrition  beyond 
the  measure  of  its  requirements  during  rest,  and  con- 
sequently the  centrosome  is  built  up  to  maximum 
dimensions  and  to  a  maximum  negative  inductive  po- 
tential. Its  essentials  of  polarization  are  the  same  as 
its  inorganic  prototypes,  but  its  character  differs  from 
that  of  the  latter  in  chemic  instability,  aud  in  the  num- 
ber of  atoms  in  its  construction.  The  requisite  essen- 
tials of  polarization  of  such  a  molecule  in  its  entirety 
not  being  present,  its  flexibility  allows  it  to  polarize  in 
conformity  with  those  conditions  which  are  present. 
The  temperature  of  the  cell  is  specifically  suitable  to 
the  polarizatiou  of  a  portion  of  the  centrosome,  and  a 
present  salt  furnishes  the  necessary  associating  mole- 
cules of  polarization  for  the  same  partial  quantity. 
Hence  the  centrosome  polarizes  with  smaller  dimen- 
sions extruding  a  part  as  a  dissociated  molecule  of 
polarization.  The  extruded  part  may  also  polarize 
simultaneously  with  the  included  part,  thus  effecting  a 
double  polarization;  or  the  extruded  part  may  be  built 
up  to  greater  dimensions  and  to  a  higher  potential  and 
then  polarize.  The  conversion  of  saccharose  into  dex- 
trose and  glycogen,  followed  by  the  glycogen  being 
built  up  to  levulose  is  a  somewhat  similar  process 
(§213).  After  polarization  both  daughter  nucleoli 
are  anabolically  changed,  bj-  nutriti<mal  pressure,  to 
higher  potentials,  and  as  they  are  negative  they  mutu- 
ally repel  in  accordance  with  the  law  of  distance. 
Mutual  repulsion  also  exists  between  the  centrosomes 
and  chromosomes. 
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Within  the  induced  fields  of  the  chromosome  mole- 
cules there  is  positive  material — the  linin.  As  the 
ceutrosomes  recede  they  dispute  possession  of  this 
material  with  the  chromosomes,  and  hence  the  achro- 
matic spindle  is  formed.  Deprived  of  the  material  in 
the  induced  molecular  fields,  the  chromosomes  are 
crowded  around  the  equator  of  the  achromatic  spindle 
At  this  stage  the  nutrition  of  the  cell  is  more  particu- 
larly directed  to  the  chromosomes,  the  molecules  of 
which  are  raised  in  negative  potential,  consequently 
each  molecule  is  divided  by  exactly  the  same  means 
and  iu  the  same  manner  as  division  takes  place  in  the 
centrosome.  The  halves  of  each  chromosome  and  of 
each  chromosome  molecule  repel  each  other  because  of 
their  negative  potential. 

The  most  interesting  portion  of  the  cell  at  this  stage" 
of  the  mitotic  cycle — the  stage  of  metakinesis — is  the 
achromatic  spindle,  which  up  to  this  time  has  played  a 
passive  part.  Being  positive  in  the  quality  of  its  po- 
tential, it  binds  each  group  of  the  chromosomes  to  its 
respective  centrosome,  and  as  the  repulsive  force  de- 
creases with  the  square  of  distance,  repulsion  and 
attraction  reach  a  point  of  equilibration,  which  is 
lost  as  cell-division  nears  completion.  The  achromatic 
material  is  still  being  re-enforced  by  nutritional  ele- 
ments, although  combustion  has  ceased  owing  to  in- 
creased resistance  due  to  the  negative  molecules  having 
reached  their  anabolic  height.  The  nutrition  now 
influences  the  cell  physically  instead  of  chemically. 
The  attraction  of  the  positive  material  of  the  achro- 
matic spindle  now  becomes  active  and  draws  the  negative 
centrosome  toward  the  corresponding  group  of  chromo- 
somes until  the  centrosome  is  lost  amidst  the  chro- 
mosome  molecules.     This  admixture  of  positive  and 
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legative  material  is  similar  to  osmosis  and  depends 
upon  the  fundamental  attraction  of  positives  and  nega- 
tives. The  attraction  is  the  same  in  kind  as,  but  less 
in  intensity  than  clieraic  action,  and  stops  when  the 
equilibrium  of  the  cell  is  regained.  The  manifestation 
of  delicate  balances  will  be  clearly  uuderstood  when  a 
correct  conception  of  ultimate  forces  is  acquired. 

The  cell  as  a  whole  being  negative,  the  portions 
dominated  by  respective  ceutrosonies  mutually  repel, 
and  thus  complete  separation  takes  place  through  the 
middle  of  the  cytoplasm.  An  equilibrium  is  thus  es- 
tablished between  the  centripetal  and  centrifugal  forces 
of  the  cell-body,  the  whole  being  diniensionally  and 
potentially  related  to  the  character  of  its  component 
units.  Thus  just  as  the  iuterspaces  of  the  negative 
molecules  of  the  cell  are  regulated  by  mutual  repulsion^ 
and  are  in  direct  proportion  to  their  potentials,  so  the 
spaces  between  the  nuclei  of  cells  are  regulated  by 
mutual  repulsion,  and  are  in  direct  proportion  to  their 
negative  potentials,  all  distances  being  modified  by  ex- 
trinsic pressure,  and  all  potentials  acting  according  to 
the  law  of  forces  (Fig.  5).  Thus,  according  to  this  law, 
two  nuclei  mutually  repel,  although  the  eleuients  of 
their  cytoplasma  are  sufficiently  free  to  act  and  react, 
and  respond  to  extrinsic  stimuli.  Clearly  the  nucleolus 
dominates  the  nucleus  as  its  induced  field,  so  that  to 
extrinsic  stimuli  they  act  as  one  potential  body;  and 
two  nucleoli  (reinforced  by  the  potentials  of  their  re- 
spective nuclei)  mutually  repel,  leaving  an  interspace 
in  which  matter  is  relatively  free.  Thus  cells  may  be 
represented  as  negative  molecules  with  induced  fields 
and  interspaces  as  shown  in  Fig  6.  There  is  this  dif- 
ference between  cells  and  the  negative  molecules  of 
gases.     In  the  induced   fields    and  interspaces  of  the 
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molecules  of  gases  there  are  ether  molecules  at  zero- 
potential  ;  and  in  the  induced  fields  and  interspaces  of 
nucleoli  there  are  molecules  of  inductive  potentials, 
which  by  virtue  of  their  quality  have  large  specific 
inductive  capacity  (§  loi,  §  294). 

The  disappearance  of  the  nuclear  membrane  is  caused 
by  the  dissolving  influence  of  the  increased  negative 
potential  of  the  centrosome  and  chromosomes.  It  is 
reformed  by  material  passing  beyond  their  influence, 
the  molecules  then  rearranging  according  to  their  own 
polar  attractious.  The  events  evidence  the  existence 
of  a  varying  inductive  potential  on  the  part  of  unclear 
constituent*'. 

244.  Maturation  of  Ovum.  This  process  has  been 
followed  in  many  of  the  lower  animals,  but  has  not 
been  demonstrated  in  mammals.  The  important  fea- 
tures are  as  follows:  The  nucleus  approaches  the 
periphery  of  the  ovum  and  undergoes  karyokinesis. 
The  upper  daughter  nucleus  invested  with  a  small 
portion  of  the  protoplasm  is  extruded  into  the  peri- 
vitelHue  space  formed  by  the  shrinking  of  the  vitellus. 
The  lower  daughter  nucleus  again  segments  and  the 
second  upper  daughter  nucleus  is  likewise  extruded. 
The  remaining  fourth  of  the  original  nucleus,  now 
called  the  female  pronucleus,  recedes  towards  the  center 
of  the  ovum.  Tlie  space  between  the  zona  pellucida 
and  the  vitellus  caused  by  the  shrinking  of  the  latter 
becomes  filled  with  fluid — the  periviteliine  fluid. 

In  the  maturation  of  the  ovum  there  is  manifested 
what  may  be  termed  mitotic  abortion,  and  its  deter- 
mination has  two  factors:  (i)  Decrease  of  pressure 
which  the  ovum  undergoes  as  it  escapes  from  the 
Graafian  vesicle;  (2)  a  remnant  of  nutritional  coudi- 
tions    which    existed    before    the    development   of   the 
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basement  membrane — the  theca — of  the  Graafian  ves- 
icle. As  in  a  vacuum  tube,  where  the  decrement  of 
pressure  separates  the  molecules  of  gas  into  two  parts, 
the  one  more  negative  and  the  other  more  positive  than 
the  original,  so  the  centrosome  with  its  decrement  of 
pressure  tends  to  divide,  and  the  division  results  in  a 
less  negative — possessing  more  positive  constituents, 
but  in  its  entirety  specifically  negative  (§  36,  §  70) — 
and  a  more  negative  daughter  centrosome  than  the 
mother  centrosome.  At  the  beginning  of  the  develop- 
ment of  the  Graafian  vesicle  nutrition  is  of  such  a 
character  as  to  allow  mitosis  of  the  follicular  cells  to 
take  place;  after  the  development  of  this  membrane 
cell-segmentation  is  impossible  owing  to  change  of 
nutrition.  It  is  conceivable  that  a  residual  amount  of 
the  nutrition  essential  to  segmentation,  assisted  by  the 
decrement  of  pressure,  causes  a  modified  cell-division 
as  that  which  takes  place  in  maturation  of  the  ovum. 
A  residuum  of  alkaline  salts  acts  as  a  stimulus  and  as 
associating  molecules  of  polarization,  the  character  of 
the  residuum  also  assisting  in  the  determination  of  the 
dimensions  and  relative  potentials  of  the  daughter  cen- 
trosomata.  As  a  result  of  these  conditions  the  extruded 
nucleoli  and  nuclear  chromosomes  have  small  inductive 
potentials  and  consequently  carry  a  small  proportion  of 
the  cytoplasm.  The  remaining  nucleolus  and  chromo- 
some molecules,  although  reduced  in  size,  have  in- 
creased negative  potentials  and  the  whole  cell  has  been 
brought  into  equilibrium  with  surrounding  conditions. 
S€j[mfntation  of  a  Fertilized  Ovum.  The  male  and 
female  pronuclei  unite  and  form  the  se^mentation- 
nucleus^  and  the  whole  cell  thus  modified  is  termed  the 
blas/osphere.  The  cleavage  of  the  blastosphere  results 
in  two  cells  of  unequal  size.     One,  which  may  be  desig- 
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nated  as  the  outer,  is  slightly  larger  and  paler  than  the 
other,  the  inner.  Cleavage  in  the  outer  occurring  more 
rapidi}'  than  in  the  inner,  the  outer  cells  spread  over 
and  enclose  the  inner,  so  that  by  the  ninth  or  tenth 
division  there  is  an  external  layer  of  pale  cells  en- 
closing a  mass  of  smaller  and  more  opaque  cells. 

To  understand  the  relationship  of  male  and  female 
nucleoli  we  must  bear  in  mind  the  distinctive  character 
of  the  two  bodies.  The  female  nucleolus  has  been  built 
up  under  great  pressure  to  a  high  negative  potential — 
its  constituents  consist  of  a  very  large  number  of 
chemic  atoms  and  these  preponderantly  electro-nega- 
tive. It  is  surrounded  by  negative  chromosome  mole- 
cules constituting  its  induced  field,  the  nucleus.  The 
chromosome  molecules  are  surrounded  by  positive  ma- 
terial, but  it  does  not,  as  in  mitotic  cells,  fulfill  the 
nutritive  requirements  of  segmentation,  a  fact  which  is 
undoubtedly  sequentially  related  to  the  anatomical 
construction  of  the  Graafian  vesicle  (§  2 28).  There 
is  no  stimulus  to  polarization,  neither  are  the  associ- 
ating molecules  essential  to  polarization  present.  On 
the  other  hand,  the  male  nucleolus  is  electro-positive. 
Like  the  female  nucleolus,  it  is  surrounded  by  chromo- 
some molecules  of  negative  quality,  and  these  are  again 
surrounded  by  electro-positives.  However,  there  is  an 
important  difference  in  the  positive  nutritive  material 
of  the  sperm,  in  that  it  fulfills  the  requirements  of 
segmentation,  and  this  no  doubt  is  sequentially  related 
to  the  structure  of  the  testes. 

The  female  nucleolus,  being  negative,  requires  an 
initiatory  positive  slimuliiSy  positive  associating  tnolecules 
of  polarization^  and  elements  eatable  of  modifying  nutri- 
tional comiitions  to  segmental  requirements^  and  these 
the  male  pronucleus  furnishes. 
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Every  molecule  polarizes  with  spherical  dimensions' 
determined  by  its  quantitative  and  qualitative  poten- 
tials, and  by  the  degrees  of  temperature  and  of  extrinsic 
pressure.  As  pressure  decreases  molecules  tend  to  de- 
crease in  size,  but  they  divide  with  increased  potential. 
(§  34»  §  36,  §  144)-  Tli*^  male  nucleolus  stimulates  the 
female  nucleolus  just  as  the  sperm  axial  fiber  is  stimu- 
lated by  an  alkaline  fluid.  Consequently  the  female 
nucleolus  rounds  out  into  a  true  spherical  form  with 
differentiated  and  equilibrated  poles,  at  the  same  time  it 
associates  molecules  of  polarization  from  the  sperm  nu- 
cleolus. However,  the  high  negative  potential  of  the 
female  nucleolus  and  the  lessened  pressure  compared 
with  that  under  which  it  was  constructed  prevents 
polarization  from  embracing  the  whole  body  of  the 
female  nucleolus,  and  part  of  it  is  excluded  from  par- 
ticipation in  the  spherical  construction.  This  portion 
is  the  dissociated  molecule  of  polarization.  As  the 
stimulation  is  positive  the  part  of  the  body  polarized  is 
more  negative  than  the  extruded  part.  The  extruded 
part  is  less  negative  and  smaller  in  size  than  the  in- 
cluded part,  and  polarizes  under  specific  conditions  as 
does  the  other.  Both  being  negative,  they  repel  each 
otlicr,  and  the  chromosome  molecules  of  the  nucleus 
are  divided  in  like  propcjrtions.  Division  of  the  cell- 
mass  is  directly  proportional  in  dimensions  as  the 
divided  potentials  of  the  nuclear  molecules. 

Molecules  when  dividing  under  decrement  of  pres- 
sure conform  to  the  following  law;  The  dimensions  of 
the  dissociated  molecules  are  inversely  proportional  to 
their  constituent  positive  units  and  directly  proportional 
to  the  negative  units  (§  i,  §  29,  Fig.  118).  This  law  evi- 
dently applies  to  the  division  of  the  nucleolus  and  to 
the  division  of  the  nuclear  elements,  consequently  the  dis- 
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sociated  parts  consist  of  a  more  negative  and  larger  cell, 
and  a  less  negative — possessing  more  positive  and  less 
negative  constituents — and  smaller  cell,  as  shown  bj'- 
the  first  epiblastic  and  hypoblastic  cells.     The  relative 
size  of  the  oxygen  molecule  to  that  of  hydrogen,  and 
the  comparatively  large  negative   and    small  positive 
molecules  in  a  vacuum   tube,  show  that  the  law  has 
universal  application.     The  larger  and  more  negative 
cells  surround  the  smaller  or  less  negative,  and  this  is 
indicative  of  another  general  law  as  evidenced  by  an 
electro-negative    atmosphere    surrounding    an    electro- 
positive earth.     The  more  negative  cell  is  paler,  and 
the  less  negative  is  more  opaque.     These  qualities  are 
probably  owing  to  the  more  negative  molecules  having 
greater  repulsive  force  and  hence   larger   interspaces, 
thus  manifesting  a  tendency  to  difFusibility  and  allow- 
ing a  more  free  transmission  of  light.     After  the  first 
division  of  the  blastosphere,  there  being  no  change  in 
the  temperature,  pressure  or  nutrition,  each  molecule 
polarizes  and  segments  without  change  of  dimensions. 
It  may  be   conceived  that  the  male  nucleolus  has 
been  relegated  to  a  minor  position  in  the  fecundating 
process.     This  is  far  from  being  the  case.     Each  mole- 
cule  polarizes  under  distinctive  spherical   dijnensiuns 
and  demands  distinctive  additional  molecules  to  round 
out  its  hemispheres.     But  the   associating   molecules 
have  reciprocal  influence  and  demand  that  the  sphere 
conforms  with  the  total  dimensions  and  potentials  which 
they  cau    combine    to   furnish,   thus    determining   the 
dimensions  and  potential  energy,  within  certain  limits, 
of  the  cell.     Moreover,   it   has   been   shown   that   the 
nutritional  conditions  of  the  ovum  are  not  suitable  for 
cell-division,  and  that  nutritional  influences  modify  the 
mitotic  results.     Hence  the  iuflueuce  of  the  sperm  is 
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exercised  through  the  nutrition  furnished  to  the  ovum 
and  through  the  molecular  association  which  enables 
the  female  nucleolus  to  polarize  and  divide. 

Polarization  is  an  important  factor  in  cell-division; 
and  in  a  modified  form  enters  into  the  division  of  all 
molecules.  In  chemisra  the  more  positive  and  the 
more  negative  parts  form  the  differential  poles  of  the 
molecules  previous  to  dissociation,  although  here  the 
poles  are  not  equipotential.  In  a  vacuum  tube  the 
decrement  of  pressure  first  polarizes  and  then  dissoci- 
ates the  molecules  into  more  negative  and  more  positive 
although  smaller  bodies.  Dissociation  by  cliemic  ac- 
tion, by  decrement  of  pressure,  and  by  increased  tem- 
perature is  accomplished  by  extrinsic  force  and  the 
polarization  is  not  accompanied  by  sj'nimetrical  hem- 
ispheres nor  equipotential  poles ;  on  the  other  hand, 
polarization  of  molecules  in  crystallization,  in  blood- 
coagulation,  and  in  the  various  functions  of  physiologic 
units,  is  mainly  accomplished  by  intrinsic  force  and  is 
accompanied  by  hemispherical  symmetry  and  polar 
equipotentiality.  Mitosis  must  be  added  to  contrac- 
tility, conductivity,  gland-cell  action,  electric  cell  ac- 
tion, blood-coagulation,  crystallization,  magnetization, 
and  molecular  division  iu  general,  as  being  based  on 
the  common  property  of  polarization. 

The  factors  essential  to  the  reproduction  of  a  cell 
are: 

/.  A  cell-unit  or  molecule  having  its  chemic  atoms 
in  delicate  equilibrium,  and  in  such  relative  position 
that  by  its  intrinsic  forces  it  places  additional  nutri- 
tive elements  in  similar  relative  position. 

2.  Nutritive  elements  of  specific  character:  («) 
Elements  of  the  same  character  as  those  of  the  cell 
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reproduce    a   like    cell,     (d)    Elements   of  different 
character  modify  the  character  of  the  cell. 
J.  Specific  degrees  of  pressure  and  temperature. 

4.  A  stimulus  to  polarization,  usually  an  electro- 
positive element,  as  the  segmenting  molecule  is  usu- 
ally negative. 

5.  Associating  molecules  of  polarization  of  specific 
potential-value  and  dimeusions. 

245.  Cytoplasm.  The  cytoplasm  is  composed  of 
spongioplasm  and  hyaloplasm.  The  principle  is  uni- 
versal that  the  active  histologic  elements  of  tissues 
consist  of  a  substance  which  is  comparativel}'  solid 
imbedded  in  a  substance  which  is  comparativel}-^  fluid. 
What  is  the  difference  between  the  negative  material  or 
spongioplasm  of  the  cytoplasm  and  the  negative  ma- 
terial or  chromatin  of  the  nucleus?  We  will  postulate 
the  fundamental  difference  as  follows:  The  negative 
elements  in  the  nucleus  are  under  the  inductive  influ- 
ence of  the  primary  potential  of  the  nucleolus ;  whilst 
the  negative  elements  of  the  cytoplasm  are  free  to  act 
according  to  their  own  potentials,  to  more  freely  arrange 
themselves  according  to  their  polar  attractions,  to  re- 
spond individually  to  extrinsic  stimuli,  and  to  func- 
tionally differentiate  according  to  environment.  The 
nuclear  elements  are  potentially  one  bod}',  if  they 
vibrate  they  move  as  a  whole,  they  are  incapable  of 
conducting  a  wave  motion  throughout  the  nuclear  area, 
and  when  the  nucleus  is  free,  as  in  the  case  of  a  coccus, 
it  is  non-motile,  although  it  is  sensitive  to  motory  influ- 
ence as  manifested  by  a  to  and  fro  motion  (Browniau 
movement).  The  molecular  elements  of  the  cytoplasm 
are  capable  of  conducting  wave  motion  because  each  is 
a  free  body  and  acts  independently  of  the  adjoining 
elements,  only  that  the  polarization  of  one  is  the  stim- 
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ulus  to  the  polarization  of  the  other.  The  cytoplasm 
therefore  confers  motile  properties  on  the  cell,  as  is 
evidenced  in  bacilli,  spermatozoa,  and  leiicocj'tes. 

The  chromosome  molecules  passing  from  the  nuclear 
sphere  into  the  cytoplasmic  area  become  independent 
or  semi-independent  bodies.  As  they  have  specific 
negative  potentials  they  have  specific  distances  asun- 
der. These  distances  are  commensurate  with  the  in- 
duced areas,  which  are  filled  with  hyaloplasm.  They 
possess  no  intrinsic  force  that  would  induce  a  fibrillar 
formation;  but  an  external  stimulus  or  impulse  will 
pass  through  them  as  a  motary  wave,  and  according  to 
its  direction  will  force  them  into  lineal  extension.  It 
is  conceivable  that  a  nervous  impulse  entering  a  mass 
of  these  highly  sensitive,  and  delicately  balanced  but 
irregularly  placed  units,  will  polarize  and  thus  cause 
them  to  assume  a  structure  of  fibrillar  character.  Thus 
the  basis  of  nerve  conducting  structure  is  formed  from 
potential  units  brought  into  symmetrical  order  by  the 
force  which  passes  through  them.  Moreover,  a  fiber 
may  extend  itself  by  the  distal  or  positive  pole  of  the 
terminal  unit  attracting  another  unit,  thus  bringing  it 
into  line.  The  non-vital  fiber  as  it  appears  to  a  micro- 
scopist  must  differ  considerably  from  the  vital  fiber. 
In  living  tissue  each  physiologic  unit  must  be  a  dis- 
tinct body  independently  performing  the  fuudameutal 
action  of  polarization,  and  it  must  have,  as  showu  in 
the  muscle  unit,  an  induced  sphere;  on  the  loss  of 
vitality  with  a  change  of  temperature  and  pressure  an 
analogous  change  to  coagulation  of  the  blood  must 
occur  in  nerve  tissue,  and  consequently  the  fiber  must 
have  lost  those  conditions  which  are  essential  to  con- 
ductivity. A  study  of  electric  conductors  and  non- 
conductors will  make  this  clear — a  molecule  must  have 
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the  property  of  free  vibration,  otherwise  it  is  neither 
an  electric  nor  a  nerve  conductor.  It  is  conclusive 
that  although  nerve  units  within  the  living  cell  are 
arranged  in  lineal  order,  the  units  are  potentially  inde- 
pendent, having  a  mutual  repulsion  dependent  on  their 
negativities,  and  bsing  kept  in  position  by  extrinsic 
pressure.  When  vital  conditions  cease  the  fibril  as- 
sumes a  cohesiveness  owing  to  fixed  polarization  of  the 
units,  as  in  coagulation. 

It  is  a  reasonable  conclusion  that  the  more  solid  neg- 
ative elements  in  the  cytoplasm  are  primarily  derived 
from  similar  elements  in  the  nucleus,  being  driven 
from  the  nuclear  area  by  the  repelling  influeuce  of  the 
nucleolus  and  other  chromosome  molecules.  When 
the  formative  stage  of  the  cell  has  passed  additional 
physiologic  units  are  not  required.  The  nucleolus  and 
nucleus,  however,  in  nerve  and  in  some  other  cells 
continue  to  perform  a  necessary  function,  as  is  evi- 
denced by  depletion  of  the  nucleus  of  a  nerve  cell  after 
functional  activity  {Fig.  78).  The  protoplasmic  ele- 
ments which  pass  from  the  nuclear  area  into  the 
cytoplasmic  area  of  the  cells  therefore  must  be  con- 
nected with  nutrition.  These  migratory  elements,  built 
up  to  a  high  negative  potential  by  means  of  nucleolar 
ions  or  nutritional  katabolites,  may  be  potential-carriers 
which  feed  the  conducting  units  after  they  have  suf- 
fered waste  during  the  period  of  action.  Potential- 
carriers  seem  to  be  essential  to  the  presenation  of  the 
equilibrium  of  the  animal  economy.  Under  certain 
degrees  of  extrinsic  pressure  they  take  on  in  some 
instances  molecular  nutriment,  and  in  other  instances 
ions,  of  the  same  potential  quality  as  their  own,  and 
either  through  means  of  the  circulation  or  osmosis 
they  are  transferred  to  other  localities  where  they  un- 
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load  their  potentials  to  functionating  units.  In  some 
cells,  such  as  those  of  heart-muscle,  the  nucleolus  and 
nucleus  seem  to  have  lost  their  functionating  power, 
and  in  the  voluntary  muscle  they  have  disappeared. 
Muscular  fibers  are  consequently  entirely  fed  from 
extraneous  sources,  and  the  striped  muscular  unit  is 
probably  reproduced  from  units  derived  from  the  blood 
as  a  nerve  fiber  is  reproduced. 

Between  the  spongioplasni  and  the  chromatin  sub- 
stance there  is  a  diflference  hardly  explainable  by  the 
independent  potentials  of  the  one  and  the  induced  po- 
tentials of  the  other.  An  additional  factor  may  be 
found  in  the  reactions  taking  place  between  the  spongi- 
oplasm  and  nutritional  elements  of  the  cell. 

The  differential  method  of  division  of  c3ftoplasm 
and  nucleus  by  karyokinesis  is  pronounced.  Each 
nuclear  unit  divides  into  two,  aud  division  of  the  nu- 
clear mass  follows;  whilst  the  cytoplasmic  mass  is 
divided  without  division  of  the  cytoplasmic  unit.  It 
must  be  considered  that  in  a  mitotic  cell  the  cytoplasm 
is  functionaHy  quiescent,  that  nutrition  is  pouring  into 
the  cell,  and  in  order  that  the  equilibrium  of  the  cell 
be  preserved  the  katabolites  resulting  from  combustion 
must  act  anabolically  upon  units  of  highest  potential 
{§  ^59i  §  162).  It  is  au  anabolism  such  as  takes  place 
in  the  formation  of  starch  (§  205)  or  of  sugar  (§  260), 
aud  is  initiated  at  the  dynamic  center  of  the  cell,  towards 
which  positive  nutritive  elements  are  attracted.  The 
division  of  the  molecular  units  (centrosome  and  chromo- 
some molecules)  is  caused  by  nutrition;  on  the  other 
hand,  division  of  the  mass  of  the  cell  is  caused  by  the 
mutual  repulsion  of  the  daughter  nuclei,  and  this  is 
the  only  kind  of  division  in  which  the  cytoplasm  par- 
ticipates.    There  is,  however,  an  increase  of  cytoplasmic 
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elements  which  consequent!}''  must  be  derived  from 
analogous  elements  of  the  nucleus,  or  from  constituents 
of  the  blood  such  as  the  globulins.  The  difieren- 
tiation  of  cells  is  chiefly  a  differentiation  of  cytoplasm, 
and  is  accomplished  mainly  by:  (i)  Extrinsic  pressure 
modifying  the  form  and  dimensions  of  the  units, 
notably  as  in  muscle  and  nerve  tissue;  (2)  the  exten- 
sion of  the  cytoplasmic  fibril  by  bringing  into  line  an 
additional  unit  either  from  nuclear  or  blood  elements,  as 
in  the  growth  of  dendrites  and  axones.  To  understand 
the  method  of  extension  of  the  nerve  fibril  it  must  be 
borne  in  mind  that  a  high  potential  takes  possession 
of  lower  potentials;  thus  the  terminal  unit  of  a  nerve 
fibril  will  dissolve  tissue  in  front  and  thus  make  room 
for  further  extension.  This  power  of  dissolution  i^ 
manifested  in  the  disappearance  of  the  nuclear  mem- 
brane during  mitosis,  and  the  migration  of  leucocytes 
through  tissues. 

It  must  be  admitted  that  as  all  cells  spring  from  one 
cell  that  their  units  must  possess  a  common  funda- 
mental property-,  and  that  function  must  have  a  com- 
mon principle.  If  there  is  a  common  principle  to  all 
function,  then  the  fundamental  conditions  essential  to 
functional  performance  must  pertain  to  all  function- 
ating units.  The  absence  of  these  essentials  means 
functional  death  to  the  unit.  In  other  words,  the 
common  property  must  be  retained  in  whatever  tissue 
the  unit  may  be  placed,  although  environment  may 
modify  the  accompanying  essentials.  The  author 
advances  polarization  as  the  common  principle  of  func- 
tion, and  the  common  property  of  physiologic  units, 
and  an  induced  field  and  associating  molecules  as  essen- 
tial accompauimeuts.  If  this  postulation  be  true,  then 
any  unit  can  be  taken  as  a  type,  and  the  fundamental 
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conditions  obtaining  must  necessaril^'^  be  universal. 
This,  however,  excepts  special  conditions  which  belong 
to  environment.  The  sarcouiere  is  the  physiologic 
unit  (inclusive  of  its  induced  field)  of  the  voluntary 
muscle.  It  appears  conclusive  that  polarization  is  the 
fundamental  principle  of  contractility,  and  that  the 
evidence  is  convincing  of  there  being  an  induced  field, 
and  that  certain  salts  are  associating  molecules  of 
polarization.  The  sarcomere  therefore  can  be  taken  as 
a  type  of  all  physiologic  units.  Consequently  there 
must  be  a  sarcomere  in  all  muscles,  and  a  neuromere  in 
all  nerves,  altlioiigh  not  sufficiently  developed  dimen- 
sionally  for  microscopical  observation.  Muscular  and 
neural  phenomena  support  this  conclusion.  Again, 
seeing  that  all  units  have  a  common  origin  and  a 
common  property,  and  that  function  has  a  common 
principle,  it  would  .seem  probable  that  there  exists, 
even  in  adult  life,  a  C3'cle  of  changes  whereb}-  a  unit, 
or  its  base,  may  be  transformed  from  one  tissue  to 
another,  and  thus  successivel}'  take  part  in  different 
functions.  However  it  is  probable  that  the  constitu- 
ent elements  of  units  differentiate  qualitatively  as  re- 
gards sulphur  and  phosphorus. 

Tlie  nucleus,  itself  consisting  of  units  including  the 
essential  nucleolus,  is  the  great  elaborator  of  phys- 
iologic units.  In  certain  conditions  it  evidently  be- 
comes inert,  or  perhaps  dies,  as  in  some  muscles ;  in 
other  conditions  it  retains  the  property  of  producing 
units,  as  in  the  ner\'e  cell,  and  still  in  others  it 
has  the  property  of  reproducing  itself  in  its  entirety, 
as  in  lymphoid  tissues,  intestinal  glands,  and  in  other 
tissues  during  the  embryological  period.  The  concep- 
tion is  advanced  that  nuclein,  globulins,  etc.,  in  the 
blood  are  the  basis  of  exhausted  or  dissociated  units  of 
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leucocytes,  that  as  units  they  are  electro-negative,  be- 
come neutral  by  potential  waste  through  amoeboid  move- 
ments, and  ultimately  become  electro-positive  as  the 
cell  disintegrates.  The  electro-positive  bodies  are  at- 
tracted by  the  negative  nucleus  and  nucleolus,  and  are 
again  built  up  to  negative  chromosome  units  and  re- 
pelled into  the  cytoplasm  of  the  cell.  If  this  cell  be 
mitotic  it  may  lift  its  anchor  and  become  a  leucocyte;  if 
it  be  embryonic  the  chromosome  unit  may  become  a 
sarcomere,  a  neuromere,  or  other  unit,  and  if  the  tissue 
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Fig.  iiS. 

Diagram  of  first  9tage  of  segmea- 
tation  o  f  mauimaliaa  ovum, 
showing  division  into  spheres  of 
unequal  dimensious ;  zp,  zona 
pellucida ;  rp,  epiblastic  cell ; 
HY.  hypoblastic  cell. 


Fig.  119. 
Diagrammatic  representation  of 
ovum  of  rabbit  at  the  cud  of  seg- 
tneutation;  pe,  jirimitive  epi- 
blast ;  PH,  primitive  hypoblast, 
showiag  iucomplfte  eavelop- 
ment  of  the  hypoWast  by  the 
epiblast. 


to  which  it  is  assigned  should  break  down  it  may  be 
absorbed  and  become  a  positive  element  of  the  blood. 
In  each  of  these  transformations  the  unit  passes  from 
the  blood  to  the  laboratory  of  the  nucleus,  and  from 
there  to  the  cytoplasm  to  become  independent.  How- 
ever, it  is  possible  that  there  is  a  more  direct  route 
between  the  blood  and  modified  cytoplasm  as  it  exists 
in  nerve  or  muscle.  The  question  arises:  May  not 
unit-bases  in  tlie  blood  pass  into  fibrillar  tracts  during 
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the  repair  of  nerve,  or  even  of  muscle,  and  lay  the 
foundation  of  units,  being  then  built  up  to  negative 
potentials  by  the  nutrition  of  the  part  ? 


CHAPTER  XX 

The  Influence  of  Electricity  on  Nutritive 
Processes 

246.  A  correct  conception  of  the  important  influence 
of  the  nerves  on  gland-cell  action,  on  the  circulation, 
on  metabolism  and  on  excretory  processes,  will  make 
it  obvious  that  electricity  through  the  nervous  system, 
if  not  more  directly,  is  a  powerful  agent  in  aiding  the 
nutrition  of  the  body.  Further,  when  it  is  considered 
that  cheroic  action,  taking  place  in  all  parts  of  the 
body,  may  be  transformed  into  electric  currents  or  po- 
tentials, which  through  their  direct  or  inductive  influ- 
ence produce  osmotic  action,  causing  an  alkaline  reac- 
tion to  appear  at  one  surface  and  an  acid  reaction  at 
another,  and  that  these  currents  have  electrolytic  and 
cataphoretic  local  influences,  it  will  be  readily  conceded 
that  electric  force  is  a  factor  of  first  importance  in 
vital  activity,  and  that  electric  applications  have  a 
powerful  influence  over  nutritive  and  other  physiologic 
processes. 

247.  The  mechanical  effects  of  the  faradic  current 
by  acting  on  the  muscular  system,  and  thus  affording 
passive  exercise  and  massage,  and  by  its  acting  reflexly 
on  the  nerve  centers,  and  sweeping  katabolites  into  the 
excretory  streams,  has  a  positively  beneficial  influence 
on  nutrition.     This  is  particularly  the  case  in  general 
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faradization  with  high  tension  currents  of  great  fre- 
quency. 

The  electrolj'tic  and  cataphoretic  actions  of  the  gal- 
vanic current  favor  molecular  transference  from  con- 
gested portions  of  the  system,  and  bring  to  the  anaemic 
parts  that  activity  of  cell  action  essential  to  physiologic 
metamorphosis. 

Applications  of  static  electricity  by  embracing  within 
their  sphere  of  action  the  whole  nervous  system,  influ- 
ence all  the  metabolic  processes  over  which  the  nerves 
dominate,  The  most  pronounced  evidence  of  the  gen- 
eral influence  of  electricity  on  nutrition  will  be  found 
in  the  treatment  of  neurasthenic  conditions  (§  290, 
§  311),  when,  owing  to  the  weakened  nerve  action, 
pathologic  secretions  and  various  katabolites  accumu- 
late in  the  tissues,  and  interfere  with  healthy  anaboHsm, 
and  when  through  an  exhausted  nervous  system  im- 
perfect function  results. 

248.  Electrolytic  laws  apply  equally  to  organic  sub- 
stances as  to  inorganic,  the  differential  results  depend 
on  the  phj'sical  and  chemic  crmditions  of  the  organic 
molecule  of  high  potential,  and  to  the  degree  of  fluidity 
of  the  tissues.  Therefore  if  the  constitution  of  the 
electrolyte-molecule  be  known  it  is  easy  to  determine 
the  electrolytic  results. 

The  cataphoretic  action  of  the  current  is  favored  the 
more  the  chemic  stability  of  the  molecule  is  able  to 
resist  electrolysis.  Whether  electrolysis  or  cataphore- 
sis  takes  place  depends  on  the  quantitative  and  quali- 
tative potential  of  the  molecule  acted  upon,  and  also 
upon  the  physical  conditions,  solidity  favoring  elec- 
trolysis  and  fluidity  favoring  cataphoresis.  When  a 
certain  degree  of  molecular  stability  and  solidity  arc 
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attained,  the  airrent  is  transmitted  by  molecular  vi- 
bration and  without  electrolysis  or  cataphoresis. 

The  action  of  the  galvanic  current  on  the  blood  has 
already  been  studied,  aud  no  doubt  electric  action  on 
all  the  tissues  is  fundamentally  the  same.  If  a  piece 
beef  be  subjected  to  galvanic  action  by  piercing  it 
Vith  needles  connected  with  the  positive  and  negative 
poles  respectively,  it  will  be  seen  that  bubbles  of  hy- 
drogen will  appear  at  the  negative  with  a  hissing 
sound.  Heat  is  also  developed  and  can  be  felt  by 
placing  the  finger  over  the  part  acted  upon.  It  is 
found  that  oxygen,  acids  aud  other  electro-negative 
elements,  including  movable  cells,  accumulate  at  the 
positive  pole,  and  alkaline  aud  other  electro-positive 
elements,  including  coloring  matter,  proteids  aud 
hydro-carbons,  accumulate  at  the  negative  pule.  The 
electrolytic  action,  once  started,  continues  for  some 
time  after  the  current  is  withdrawn.  On  withdrawing 
the  negative  needle  it  is  found  that  no  resistance  is 
offered,  and  the  needle  remains  bright  as  when  inserted ; 
on  the  other  hand,  the  needle  at  the  positive  pole  is 
found  adhering  to  the  meat  aud  is  corroded  if  com- 
posed of  oxidizable  material. 

According  to  Legros  and  Onimus,  if  an  alkali,  as 
sodium  carbonate,  is  placed  at  the  positive  pole,  and  an 
acid,  as  tartaric,  at  the  negative,  the  corrosion  of  the 
tissues  is  in  part  prevented.  The  substances  will  un- 
dergo electrolysis  and  be  diffused,  thus  neutralizing 
the  ions  in  the  concentrated  polar  areas. 

The  faradic  current  is  not  used  for  its  electrolytic 
action,  nevertheless  it  has  electrolytic  power  according 
to  its  energy.  However,  the  rule  must  be  adhered  to, 
that  whenever  electrolysis  is  indicated  the  galvanic  is 
the  current  to  be  selected  owing  to  its  continuous  char- 
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acter.  The  faradic  current,  strongly  applied,  may  be 
capable  of  breaking  up  a  molecule  of  high  potential 
and  thus  producing  ions.  These  ions  will  not  appear 
at  the  poles  owing  to  the  break  in  the  current.  At  the 
same  time  the  molecule  may  not  be  reconstructed. 

249.  Ph\'siologically  the  action  of  organs  may  be- 
increased,  diminished  or  entirely  arrested  by  the  eflfects 
of  electricity.  Electric  applications  generally  result  in 
an  increased  flow  of  blood  ;  consequently  an  increase  of 
metabolism  and  a  rise  of  temperature.  Coincideutally 
the  veins  are  found  to  be  dilated.  These  facts  can  be 
demonstrated  b}'  faradization  of  the  feet  whfeu  cold, 
these  extremities  becoming  perceptibly  warmer  during 
the  sitting. 

In  general  the  use  of  electricity  increases  the  func- 
tions of  secretion  and  excretion,  but  under  certain  con-j 
ditions  they  may  be  decreased.  Metallic  electrodes 
placed  in  the  nasal  passages  increase  the  secretion  of 
the  Schneiderian  membrane.  Excitation  of  the  chorda 
tympani  nerve  increases  the  secretion  of  the  salivary 
glands.  This  ma^^  be  done  b\'  galvani/jation  or  fara- 
dization of  the  tragus  of  the  ear.  Applications  to  any 
part  of  the  face  may  cause  an  increase  of  the  secretion 
in  sensitive  persons. 

External  application  to  the  stomach  increases  the 
gastric  secretion.  Electric  applications,  both  local  and 
general,  diminish  the  secretion  of  the  urine  in  diabetes 
insipidus  and  in  diabetes  mellitus.  The  menstrual 
secretion  both  in  physiologic  and  pathologic  cases  is 
afifected  by  electric  currents;  galvanic  and  faradic  cur. 
rents,  used  externally  and  internally,  generally  or 
locally  applied,  affect  the  quantity  of  the  menstrual 
flow.  The  duration  of  the  menses  is  also  modified.  The 
mammary  secretion   is   also  affected  by  the  currents. 
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Applications  made  directly  to  the  testicles,  or  to  the 
perineum,  and  the  spine  will  increase  the  secretion  of 
the  spermatic  fluid. 

The  action  of  absorbents  is  stimulated  by  electric 
currents.  This  action  of  electricity  is  best  exhibited  in 
morbid  growths,  as  fibroid  tumors,  hypertrophies,  eflfu- 
sions  such  as  hydroceles,  pleuritic  eflfusions,  or  enlarged 
glands. 

Static  electricity  as  a  regulator  of  functions  is  not 
surpassed  by  any  other  remedial  agent.  It  tends  to 
bring  the  circulation,  respiration,  secretion  and  excre- 
tion, and  irritability  of  the  nerves  towards  a  normal 
condition.  Metabolism  is  increased  and  the  absorbents 
are  stimulated.  More  oxygen  is  taken  into  the  circu- 
cation  and  the  ability  to  sleep  is  improved.  It  is  a 
useful  massage  through  the  use  of  sparks.  Static  elec- 
tricity may  be  used  as  a  counter  irritant,  as  a  stimulant 
or  as  a  sedative  at  the  will  of  the  operator.  It  excites 
the  specialized  neurone  to  functional  activity,  and  stim- 
ulates all  organic  cells  to  physiologic  action  by  setting 
free  their  inherent  potential.  It  promotes  nutrition 
both  local  and  general ;  and  has  marked  circulatory 
eflfects  through  its  action  on  the  vaso-motor  nervous 
system.  By  its  action  on  metabolism  and  its  influence 
on  the  absorption  of  oxj'gen  it  produces  a  feeling  of 
refreshment. 


CHAPTER    XXI 

icTiON  OF  Electricity  on  Individual  Tissues 

250.  In  the  study  of  the  action  of  electricity  on  the 
tissues  we  have  to  consider  the  kind  of  current  used^ 
the  dosage — strong,  medium,  or  weak — the  length  of 
the  seance,  the  polark}'  of  the  active  pole,  and  the  size, 
material,  and  moist  condition  of  the  electrodes.  In  the 
case  of  the  faradic,  tlie  tension  of  the  current  and  fre- 
quency of  its  interruptions  modify  the  effect. 

In  addition  there  is  to  be  weighed  the  idiosyncrasy  of 
the  patient,  and  the  sensitiveness  of  the  organ,  its  ana- 
tomical position,  and  relative  electric  resistance.  A 
factor  of  the  utmost  importance  in  its  practical  thera- 
peutical bearings  is  the  difference  in  the  impressibility 
of  organs  in  a  pathological  state  from  the  impressibility 
of  those  in  a  state  of  health.  This  particularly  is  a 
matter  which  concerns  dosage,  and  will  be  dealt  with 
when  considering  that  part  of  the  subject. 

Action  of  Electricity  on  Skin 


251.  Sfalic  Electricitv.  Sparks  produce  a  sensation 
of  prickling,  redness  and  a  papular  eruption  appearing 
when  they  are  intense.  On  the  scalp  the  hair  is  raised 
on  application  of  the  static  spray. 

252.  Faradic  Current.  The  action  differs  according 
to  the  method  of  application,  and  kind  and  intensity  of 
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current.  With  a  dry  electrode,  at  first  there  may  be 
anaemia,  but  soon  this  is  followed  by  hypersemia. 
There  may  be  also  pain  from  irritation  of  sensory 
nerves.  The  current  of  tension  rapidly  interrupted 
has  more  effect  on  the  skin  than  the  current  of  quan- 
tity slowly  interrupted.  The  cause  of  this  is  the  large 
resistance  offered  by  the  skin.  The  negative  pole  has 
a  stronger  influence  over  sensory  aud  motor  nerves 
than  the  positive. 

Some  parts  of  the  cutaneous  surface  are  more  sensi- 
tive to  the  current  than  others;  this  is  owing  to  the 
unequal  distribution  of  nerves.  The  forehead,  the 
region  of  the  tibia  and  scapula,  and  parts  where  bones 
lie  near  the  surface  are  particularly  sensitive.  Appli- 
cation by  a  metallic  brush  or  by  a  wet  sponge  lightly 
made  may  produce  irritation  and  pain.  In  some  persons 
the  phenomena  of"  goose  flesh  "  appears  on  faradization 
of  the  skin. 

253.  Galvanic  Current.  At  both  poles  the  galvanic 
current  produces  a  burning  sensation,  like  that  of 
mustard  plaster,  varying  with  the  strength  of  current 
and  duration  of  application.  At  the  negative  pole  the 
action  is  more  intense  than  at  the  positive.  Delicate 
skins  are  more  sensitive  to  the  current  than  coarse 
skins. 

The  cheniic  polar  effects  of  the  galvanic  current  on 
the  skin  differ.  With  metallic  electrodes  slightly 
moistened  there  appear  at  the  negative  pole  small 
pale  vesicles  with  alkaline  fluid.  Increase  of  currents 
will  cause  blisters,  and  even  ulcers.  These  take 
some  time  to  heal.  At  the  positive  pole  there  is  first, 
ichoemia,  "goose  flesh."  This  may  be  followed  by  a 
blister  with  acid  secretion.  A  metallic  electrode  be- 
comes oxidized. 
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Pain  is  caused  by  too  great  or  too  concentrated  a 
current.  The  concentration  depends  on  the  size  of  the 
electrode  and  its  condition  as  to  moisture  and  adapta- 
bility to  the  surface.  When  the  skin  is  more  or  less 
dry  the  electric  currents  seek  entrance  at  the  glands, 
hair  follicles  and  sweat  pores  of  the  skin.  Moisture, 
especially  a  saline  solution,  softens  the  epidermis,  de- 
creases the  cutaneous  resistance  to  the  current,  dififuses 
it  by  multiplying  its  points  of  entrance,  thus  dimin- 
ishing its  density.  Firm  pressure  against  the  skin 
also  tends  to  lessen  the  pain. 

The  objective  symptoms  appear  in  the  following 
order  at  both  poles:  Pallor,  cutis  anseriua,  hyperemia, 
papular  projections  of  the  hair  follicles,  and  confluence 
of  papules  forming  wheals.  When  the  current  is  strong 
or  long  in  duration  the  electrolytic  action  becomes  more 
evident,  and  the  polar  regions  differ  in  chemical  reac- 
tions. 

The  anode  is  less  intense  than.the  cathode  and  the 
fluid  in  the  wheal  is  acid.  The  cathodal  area  soon  pre- 
.sents  a  blister,  and  the  vesicular  fluid  is  alkaline.  A 
prolonged  strong  current  will  cause  sloughing. 

Cuia/u'ous  Antrsihesia,  Electric  currents  produce  a 
slight  auiEsthetic  effect.  Induced  currents  of  verj' 
rapid  vibration  benumb  the  parts  to  which  they  are 
applied.  The  phy  .siologic  unit  is  incapable  of  vibrating 
beyond  a  certain  frequency,  hence  in  high  frequencies 
there  is  no  physiologic  response,  just  as  the  galvanom- 
eter is  incapable  of  measuring  the  faradic  current. 

Action  of  Electricity  on  the  Brain 

254.  Direct  Application.     Electric  currents  direct 
applied  to  the  brain  prove  that  there  are  certain  cen- 
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ters  that  control  the  movements  of  various  parts  on 
the  opposite  side  of  the  body.  Experiments  show  that 
the  surface  of  the  brain  is  electrically  excitable. 

255.  External  Application.  When  the  galvanic  cur- 
rent is  applied  by  the  longitudinal  method — one  elec. 
trode  on  the  forehead  and  the  other  on  the  occiput — 
there  is  slight  if  any  tendency  to  vertigo.  This  is  also 
the  case  where  one  electrode  is  placed  on  the  summit 
and  the  other  indiflFerently  on  the  body.  On  applying 
the  current  transversely — from  temple  to  temple  or 
from  mastoid  to  mastoid — dizziness  is  felt,  continuing 
during  the  application  and  accentuated  at  the  moment 
of  opening  the  circuit.  There  is  a  tendency  to  lean 
toward  the  positive  pole  during  the  passage  of  the 
current,  objects  appearing  to  move  in  the  same  direc- 
tion. On  opening  the  circuit  the  reverse  order  of  move- 
ment and  seeming  movements  occur.  Hitzig  enumerates 
several  degrees  of  giddiness  produced  by  galvanic  ap- 
plications. There  may  be  a  mere  fullness  of  the  head. 
This  is  accompanied  by  movements  when  stronger 
currents  are  applied;  still  stronger  currents  produce 
staggering.  Movements  of  the  eyeballs  have  been 
observed  to  accompany  the  other  phenomena. 

Hitzig  advanced  the  following  theory  to  account  for 
the  differential  action  of  the  galvanic  current  in  trans- 
verse and  longitudinal  applications:  When  similar 
centers  of  the  right  and  left  lobes  are  under  anelectro- 
tonus  or.  are  under  catelectrotonus,  as  they  are  in 
longitudinal  applications,  they  are  equally  and  symmet- 
rically influenced  by  the  current.  When  the  current 
is  used  transversely  centers  of  similar  functiou  in  the 
right  and  left  lobes  are  affected  unequally,  one  being 
under  anelectrotonus  and  the  other  under  catelectro- 
tonus.    In  the  latter  case  there  is  a  disturbance  in  the 


Fig.  1 20. 

A,  longitudiaal  application  of  galvanic  current   to  bruin  ;  b,  transverae 

application  of  galvanic  current  to  braiu. 
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equilibrium  of  centers  of  lobes  of  identical  function 
which  prevents  normal  co-ordination.  The  author  ac- 
cepts this  theory  with  a  slight  modification.  The 
brain  is  excited  entirely  by  the  negative  current 
(Fig.  102).  At  the  cathode  the  current  is  concentrated, 
at  the  anode  it  is  diffused.  Hence  the  disturbance 
of  the  equilibrium  is  produced  by  the  unequal  stimu- 
lation by  the  current  from  the  cathode. 


AcTioN  OF  Electricity  on  the  Spinal  Cord 

256.  Direct  Application.  Contractions  of  the  muscles 
of  the  trunk  and  extremities  are  produced  by  applying 
an  electrode  to  either  extremity  of  the  cord,  or  by 
placing  one  electrode  to  the  anterior  and  the  other  to 
the  posterior  column.  If  the  spinal  cord  be  divided  at 
the  center,  application  of  the  current  to  the  lower  half 
will  produce  contraction  of  the  muscles  of  the  lower 
extremities,  whilst  application  to  the  upper  half  will 
produce  contraction  of  the  upper  extremities.  Either 
galvanic  or  faradic  applications  will  produce  these 
effects. 

Cilio-spinal  Center.  This  center  is  between  the  sev- 
enth cervical  and  sixth  dorsal  vertebrae,  and  gives  rise 
to  the  cervical  sympathetic  which  excites  the  iris. 
Stimulation  of  this  region  produces  dilatation  of  the 
pupil. 

Genito-Spinal  Center.  This  is  near  the  fifth  lumbar 
vertebra,  and  its  electric  excitation  produces  contraction 
of  the  rectum  and  bladder. 

External  applications  with  medium  currents  will 
demonstrate  the  functions  of  these  centers. 

Continued  applications  of  the  galvanic  current  to  the 
spinal  cord    produce    a   paralyzing   efifect   during   the 
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passage,  although  coutractions  are  effected  when  the 
current  is  modified.  The  inhibition  is  probably  similar 
in  principle  to  negative  variation — that  is  a  center 
under  the  influence  of  a  force  has  its  potential  forces 
also  under  control. 


Action  of  Electricity  on  Nerves  of  Special  Sense 

257.  Optic  Nen>e.  Application  of  the  galvanic  cur- 
rent to  the  optic  ner\'e  causes  polarization  of  the  neurone 
with  perceptions  of  light,  within  the  limit  of  its  physio- 
logic vibratile  frequencies.  The  strength  of  the  cur- 
rent, the  character  of  the  active  pMe,  the  suddenness  of 
interruptions,  and  the  temperament  of  the  subject  are 
found  to  modify  the  efifects.  The  faradic  current — long 
coils  with  rapid  vibration — produce  light  phenomena 
when  applied  to  the  eye,  in  a  beautiful  and  characteristic 
degree,  distinctive  of  the  coil.  The  ordinary  faradic 
machines  will  produce  little  or  no  perceptible  effect. 
In  experimenting  on  the  eye  a  soft  sponge  is  placed 
firmly  on  the  closed  lid  for  the  active  electrode,  whilst 
the  other  is  applied  to  the  back  of  the  neck. 

The  experiments  are  valuable  in  showing  that  dis- 
tinctive physiologic  vibrations  are  properties  of  nerves 
of  special  sense,  and  indicate  that  the  power  of  differen- 
tiating vibratory  frequencies  is  an  inherent  properly  of 
highly  specialized  neurones.  Each  molecule  or  each 
cell  has  its  normal  range  of  vibratory  action  depending 
upon  its  quantitative  and  qualitative  potentials  (§  269). 

25S.  Auditory  Nerve.  Ringing,  humming,  hissing, 
whistling,  or  a  rumbling  sound  results  from  polarization 
of  the  auditor}-  neurones  by  electric  applications.  The 
faradic  or  galvanic  currents  may  be  used  in  these  ex- 
perimeutations.     The  strength  of  the  galvanic  current 
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may  be  from  one  to  Jen  milliamperes.  Applications  to 
the  ear  may  be  made  by  filling  the  external  auditory 
canal  with  water  and  firmly  pressing  one  pole  on  the 
tragus,  the  other  being  placed  indiflFerently. 

259.  Olfactoty  Nerve.  The  sense  of  smell  can  be 
perceived  on  stimulating  the  olfactory  neurones  by 
electric  currents. 

Gustatory  iSferve.  If  a  piece  of  zinc  be  applied  to 
the  upper,  and  a  piece  of  silver  to  the  lower  surface  of 
the  tongue,  an  acid  taste  will  be  perceptible  under  the 
zinc  plate  and  an  alkaline  taste  under  the  silver.  This 
arrangement  creates  an  electric  cell  with  a  potential 
resident  in  the  organic  molecule. 

The  peculiar  reaction  produced  by  electric  applica- 
tions to  the  gustatory  nerve  is  generally  described  by 
patients  as  '*  metallic,"  "  coppery,"  etc.  The  character- 
istic taste  is  produced  in  closing  the  circuit,  remains 
during  the  application,  and  sometimes  continues  for 
hours  afterwards. 

The  sensation  of  taste  produced  by  electric  stimula- 
tion of  the  gustatory  nerve  is  caused  by  the  distinctive 
frequencies  of  vibration  of  this  specialized  nerve. 

Action  of  Electricity  on  Sympathetic  Nerves 

260.  In  1832  Claude  Bernard  demonstrated  that  fol- 
lowing division  of  the  sympathetic  nerve  there  is 
flattening  of  the  cornea,  contraction  of  the  pupil,  retrac- 
tion of  the  eyeball  and  congestion  of  the  conjunctiva, 
with  a  rise  of  temperature.  Electric  stimulation  of  the 
cephalic  end  of  the  severed  nerve  caused  these  phenom- 
ena to  disappear.  Brown-Sequard's  experiments  on 
animals  demonstrated  that  division  of  the  cervical  sym« 
pathetic  produced,  after  a  lapse  of  a  few  months,  partial 
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atrophy  of  the  brain  on  the  same  side,  the  atrophy  uo 
doubt  depending  on  the  modification  of  the  intracranial 
blood  pressure. 

Direct  stimulation  of  the  sympathetic  plexus  of  the 
abdominal  cavity  excites  the  bladder,  ureters,  uterus 
and  seminal  vesicles.  Irritation  of  the  splanchnic 
nerve  arrests  intestinal  peristalsis;  on  the  other  hand 
excitation  of  the  thoracic  and  abdominal  sympathetic 
promotes  peristaltic  action. 

Sympathetic  vaso-raotor  action  has  a  quantitative 
relation  to  secretory  processes.  Qualitatively  secre- 
tion is  influenced  by  cerebro-spinal  efferent  fibers  or  by 
local  ganglia  (§  208,  §  209).  Extirpation  of  the  solar 
plexus  produces  hyperemia,  hemorrhage  and  ulceration 
of  the  stomach;  electric  stimulation  modifies  these 
effects.  Intestinal  nutrition,  peristalsis  and  secretion 
are  influenced  by  the  abdominal  sympathetic  plexuses. 
Puncture  of  the  floor  of  the  fourth  ventricle,  division  of 
the  vaso-motor  nerves  of  the  liver,  or  removal  of  the 
cervical  ganglia  of  the  sympathetic  will  produce  sugar 
in  the  urine.  The  diabetic  symptoms,  resulting  from 
paralyzing  the  sympathetic,  are  probably  accomplished 
by  producing  congestion  of  the  liver,  thus  interfering 
with  its  function  in  converting  dextrose  into  glycogen. 
The  liver  also  possesses  the  function  of  converting  gly- 
cogen into  dextrose,  which  must  be  accomplished  by 
means  of  the  action  of  cerebro-spinal  nerves  (§  208, 
§  209,  §  159)  on  the  gland-cells,  oxygen  and  hydrogen 
ions  being  impressed  into  the  glycogen-molecule.  The 
reaction  is  as  follows: 

Co  H,„Oa  +  H,0  = 

Obviously  when  the  circulation  of  the  liver  is  dis- 
turbed and  little  or  no  glycogen  stored,  glucose  will  be 
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eliminated  by  the  kidneys.  The  paralysis  of  central 
efferent  fibers  to  the  liver  will  prevent  the  function  of 
turning  glucose  into  glycogen  and  prevent  an  im- 
portant storage  of  energy.  The  diabetes  therefore  de- 
pends upon  the  sugar  of  the  blood  not  being  converted 
into  glycogen,  and  the  cause  is  hepatic  congestion 
arising  from  vaso-motor  paralysis.  When  the  normal 
amount  of  glycogen  is  stored  in  the  liver,  diabetes  may 
be  caused  by  over  stimulation  of  cerebro-spinal  nerves, 
thus  supplying  the  blood  with  glucose,  beyond  the 
measure  of  consumption,  within  certain  periods. 

Stimulation  or  paralysis  of  the  sympathetic  influences 
the  functions  of  the  kidneys,  spleen  and  the  entire 
genital  apparatus. 


CHAPTER  XXII 


Action  of  Electricity  on  Pneumogastric  Nhr\'e 

(Inhibition) 

261.  According  to  experiments  by  M.  M.  Arloing 
and  Tripier  faradization  of  the  distal  end  of  a  divided 
pneumogastric  causes  arrest  of  the  action  of  the  heart, 
or  irregularities  of  rhythm.  They  showed  that  the 
right  pneumogastric  has  more  inhibitory  power  over 
the  heart  than  the  left.  Masoin  of  Belgium  found 
when  the  heart  movements  were  stopped  by  galvaniza- 
tion of  the  right  pneumogastric  it  was  not  possible  to 
restore  them.  The  heart's  action,  however,  was  capable 
of  being  restored  after  being  stopped  by  galvanization 
of  the  left  pneumogastric.  It  was  found  by  Brown- 
Sequard  that  electric  stimulation  of  the  laryngeal  nerves 
causes  arrest  of  the  respiratory  movements. 

In  1S45  E.  H.  and  E.  Weber  announced  that  stimu- 
lation of  the  vagi,  or  the  parts  of  the  brain  where  they 
arise,  slows  or  arrests  the  action  of  the  heart.  The 
part  of  the  brain  when  stimulated,  that  inhibits  the 
action  of  the  heart,  was  located  in  the  medulla  oblongata. 
The  effect  of  stimulating  the  vagus  is  not  immediate, 
there  existing  a  latent  period  extending  over  one  beat) 
and  sometimes  two,  according  to  the  moment  of  stimu- 
lation. A  vagus  excitation  not  sufficient  to  arrest  the 
heart   will    lengthen    the    diastolic   and    perhaps    the 

systolic  period.     The  force  of  the  contraction  is  dimin- 
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islied,  the  volume  of  blood  in  the  ventricle  at  the  close 
of  the  diastole  is  increased,  but  there  is  also  au  increase 
of  the  volume  in  the  ventricle  at  the  close  of  the  systole, 
or  of  the  volume  of  residual  blood.  The  out-put  and 
in-put  of  the  ventricle  are  both  diminished  by  vagus 
excitation.  According  to  Franck  the  walls  of  the  empty 
ventricle  become  softer  when  the  vagus  is  stimulated. 

Stimulation  of  intracardiac  nerves  by  chemical  agents 
causes  various  reflex  actions,  such  as  movements  of 
the  limbs.  When  the  vagi  are  cut  these  movements  do 
not  take  place,  showing  that  the  afferent  action  belongs 
to  this  nerve.  Stimulation  of  the  central  end  of  a  cut 
vagus  will  act  ou  the  heart  through  the  intact  vagus, 
showing  that  the  vagi  are  centrally  reflexly  connected. 

262.  Experiments  have  shown  that  a  strip  of  muscle 
cut  from  the  apex  of  the  ventricle  of  a  tortoise  and 
suspended  in  a  moist  chamber  will  beat  apparently  of 
its-own  accord.  A  strip  of  muscle  cut  into  pieces  and 
placed  on  moistened  glass  slides  will  contract  rhyth- 
mically. These  contractions  evidently  occur  without 
the  intervention  of  nerve  fibers.  If  the  tip  of  the  ven- 
tricle of  a  dog's  heart,  which  contains  no  nen-e  cells,  be 
removed  and  warm  defibrinated  blood  supplied  to  it 
through  a  canula  tied  into  its  nutrient  artery,  rhythmic 
spontaneous  contractions  will  be  obtained.  It  has  been 
found  that  sodium,  calcium  aud  potassium  salts  must 
exist  in  definite  proportions  in  the  blood  in  order  to 
have  rhj'thniic  contractions. 

Upon  stimulating  the  peripheral  end  of  the  severed 
pneumogastric  Gaskel  found  a  positive  variation  of  the 
muscle  current  in  the  heart  of  the  tortoise  and  croco- 
dile :  on  the  other  hand  stimulation  of  the  accelerator 
ft  nerves  caused  a  negative  variation.  The  same  experi- 
■    menter  showed  that  anabolic  processes  were  in  excess 
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during  inhibition  of  the  heart-muscle,  as  exhibited  by 
increase  of  strength  of  contraction  after  cessation  of 
inhibition. 

Phj'siologists  are  inclined  to  believe  that  the  inhib- 
itory function  of  nerves  is  general  and  may  be  found  in 
gland  and  muscle-action.  Bonbuoff"  and  Haidenhim 
showed  that,  under  certain  conditions,  stimulation  of 
the  cortical  area  will  cause  relaxation  under  tonic  con- 
traction. 

263.  If  there  exist  in  the  cardiac  muscle  a  physio- 
logic unit  or  sarcomere — a  molecule  of  high  negative 
potential  surrounded  by  an  induced  field — it  will  be 
readily  seen  that  the  smallest  particle  of  muscular 
tissue  is  subject  to  extrinsic  excitation,  just  as  the 
initiatory  unit  of  such  a  particle  is  subject  to  excita- 
tion by  propagation  when  in  the  muscle  substance ;  in 
fact,  each  unit  is  capable  of  polarizing  independently, 
although  contractility  is  modified  by  the  absence  of 
extrinsic  pressure,  hence  a  portion  of  the  muscle  con- 
tracts without  nerve  stimulus. 

The  following  explanation  is  given  of  the  rhythm 
of  muscular  contractions.  When  a  physiologic  unit  is 
sensitive  to  stimuli  it  must  possess  certain  potentials. 
These  are  weakened  by  functional  action  aud  by  con- 
sequent waste.  Thus  before  the  iinit  is  again  normally 
sensitive  the  field  must  be  cleared  of  waste-elements 
and  the  potential  regained  through  the  combustion  of 
nutritional  molecules.  The  accomplishment  of  these 
processes  occupies  a  definite  length  of  time,  which  con- 
stitutes the  rhythmic  period.  This  explanation  applies 
to  any  group  of  nerve  or  muscle  units,  and  it  may 
apply  to  respiratory  rhythm.  The  rhythmic  con- 
tractions of  the  heart  require  special  explanation. 
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The  afferent  nerves  of  the  heart  no  doubt  end  in 
contact  with  the  endothelial  cells  of  the  cardiac  lining. 
They  are  traced  by  anatomists  to  the  substance  of  the 
heart.  The  relationship  of  an  efferent  nerve  to  a  mus- 
cle or  gland  is  such  that  an  impulse  passes  along  the 
nerve  through  the  teledeudrion  to  the  terminal  organ. 
The  relationship  of  endothelial  cells  to  sensory  or 
afferent  nerves  must  be  equally  intimate  and  corelated; 
an  afferent  impulse  may  be  said  to  originate  in  these 
cells  and  conveyed  to  nerve  terminals,  the  common 
principle  of  all  functional  action  being  polarization  of 
the  unit.  Thus  the  endothelial  cells  are  the  true  ter- 
minals of  the  afferent  fibers  of  the  cardiac  pneiiniogas- 
tric.  As  these  cells  at  rest  are  electro-negative,  and  as 
the  leading  off  points  of  all  waves  are  negative,  natural 
stimuli  are  positive.  A  positive  stimulus  is  present  in 
the  serum  of  the  blood,  and  the  initiatory  conducting 
unit,  whether  in  the  endocardium  or  in  the  nerve 
proper,  polarizes  with  its  negative  pole  toward  the 
alkaline  blood-plasma,  and  its  positive  pole  toward  the 
negative  mass  of  nerve  structure.  The  impulse  is  con- 
ducted by  the  afferent  fibers  to  local  and  cerebral 
centers,  thence  by  efferent  fibers  to  the  cardiac  muscle, 
where  it  consummates  in  systolic  action.  During  sys- 
tole initiatory  nerve  stimulation  is  impossible  owing  to 
the  physical  effect  of  muscular  contraction  on  the  endo- 
cardium, and  during  the  first  part  of  diastole  it  is 
impossible,  as  the  blood  does  not  press  on  the  endocar- 
dium. It  is  during  the  diastolic  height  and  ventricular 
fullness,  when  the  blood  pressure  is  greatest  on  the 
endocardium,  when  the  cells  of  the  latter  are  somewhat 
attenuated,  and  when  each  cell  is  bathed  with  blood 
plasma,  that  the  stimulus  initiates  the  polarization- 
wave.     We  see  then  that  the  initiatory  stimulus   is 


Fig.  121. 

Dia}^rain  showinj^  nervous  mechanism  of  heart.  The  symbols  •  and  O 
signify  positive  and  negative  qualities,  or  plus  and  minus,  and 
the  arrows  show  the  directions  of  the  waves:  a,  endocardiac  nerve 
terminal  shown  as  negative  during  normal  polarization,  stimulated 
by  positive  blood  serum ;  B,  intracardiac  nerve  center,  showing 
positive  afferent  terminal  and  negative  efferent  terminal :  c,  nerve 
renter  in  Medulla,  showing  positive  afferent  terminal  and  nega- 
tive efferent  terminali;  d,  cardiac  muscle  and  positive  nerve  ter- 
minal; K,  endocardiac  nerve  terminal  shown  as  positive,  as  fiber 
is  stimulated  from  the  cut  pneumogastric;  F,  cut  pneumogastric, 
showing  negative  leading  off  point;  <;,  muscle  terminal  of  intracardiac 
nerve  fiber  shown  as  negative,  as  endocardiac  leading  off  point  is  posi- 
itive;  ir,  the  same  center  as  b,  but  reversely  stimulated.  For  the 
purpose  of  more  clearly  showing  the  reactions  the  intracardiac  nerve 
centers  are  not  placed  within  the  structure  of  the  heart,  and  the  mus- 
cular terminals  of  nerves  are  shown  on  one  side,  and  the  endocardiac 
terminals  on  the  opposite  side  of  the  diagram. 
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Synchronous  with  the  end  of  the  diastolic  period,  and 
is  followed  by  an  impulse  through  the  cardiac  nerve- 
system,  with  systolic  summation,  and  that  the  cycle 
ends  in  diastole.  Under  normal  conditions  the  com- 
mencement of  the  rhythmic  period  is  chronologically 
constant,  but  in  other  conditions,  such  as  that  produced 
by  a  rise  of  temperature,  the  diastolic  phase  may  be 
shortened  by  the  stimulation  taking  place  under  less 
pressure. 

When  the  cardiac  muscle-nnit  polarizes  or  contracts 
it  requires  associaiitig  molecules  of  polarization  (§  156), 
which  must  be  of  positive  potential,  such  as  calcium, 
sodium  or  potassium  salts  (§  20,  §  1S4).  Heuce  the 
necessity  of  the  presence  of  these  in  the  blood.  They 
reach  the  muscle  through  the  nutrient  artery  of  the 
heart. 

264.  What  is  the  nature  of  inhibition  as  manifested 
by  stimulation  of  the  pneumogastric  ?  Merely  the 
sending  of  an  efferent  impulse  along  an  afferent  nerve^ 
which  takes  possession  of  the  normal  impulse-path  as 
follows:  (i)  It  polari/es  reversel}'  the  conducting  cells 
of  the  endocardium,  thus  shutting  oflFiuitiator}''  normal 
stimuli,  and  (2)  it  posses.ses  the  intracardiac  ganglia  or 
neurones  by  reverse  stimuli,  polarizing  these  with  their 
positive  poles  facing  the  direction  of  the  normal  im- 
pulse. The  pathway's  by  which  normal  excitations 
are  carried  towards  the  heart-muscle  are  thus  blocked 
(Fig.  121).  During  normal  heart-action  the  iutracar- 
dial  nerves  are  stimulated  from  an  electro-negative 
endocardiac  surface.  The  endocardiac  surface  during 
stimulation  of  the  vagus  is  positive,  as  the  stimulated 
point  is  negative.  It  follows  that  intracardial  nerve- 
fibers  have  a  reversed  polarization.  Under  a  strong 
electric  stimulus  of  the  pneumogastric  the  endocardium 
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is  powerfully  electro-positive,  thus  resisting  blood- 
stimulation,  which  is  also  positive.  The  fact  that  after 
a  stimulus  has  been  imparted  to  the  pneumogastric 
one  or  perhaps  two  contractions  occur  before  inhibition 
takes  place  proves  that  the  point  of  interception  is  not 
at  the  muscle-cells,  but  at  some  distance  from  them. 
An  excitation  wave  that  has  left  the  endocardium  is  not 
intercepted,  and  consequently  reaches  the  muscle  after 
the  vagus  is  excited. 

When  a  muscle  is  stimulated  its  contraction-response 
accords  in  degree  to  the  stimulus;  although  the  poten- 
tial of  the  muscle-unit  is  the  essential  element  of  force. 
There  is  absolutely  no  physiologic  reason  for  having 
another  stimulus  of  a  different  character  to  modify  the 
first  stimulus,  as  the  first  can  be  modified  directly.  In 
the  usual  routine  of  rhythmic  or  other  muscle-contrac- 
tions there  is  no  need  of,  and  no  such  action  as  inhibi- 
tion, and  no  need  of  inhibitory  nerves.  However,  in  a 
complex  system,  as  that  of  the  human  body,  nature 
foresees  that  something  is  apt  to  go  wrong,  and  she 
provides  for  an  inhibitory  and  even  a  positive  reverse 
action,  such  as  in  vomiting,  but  no  special  apparatus 
has  been  found  necessary  through  which  to  accomplish 
the  inhibitory  act. 

265.  Any  terminal  strongly  stimulated — polarized  to 
a  high  degree  of  tension — will  take  possession,  through 
its  induced  field,  of  proximate  terminals,  and  thus 
inhibit  the  function  of  the  latter.  Moreover,  as  a  nerve 
trunk  is  capable  of  carrying  impulses  in  both  direc- 
tions, as  is  shown  by  vagus-stimulation  in  the  arrest  of 
the  heart,  or  by  experimentation  on  nerve  trunks 
(§  201),  inhibition  may  be  defined  as  an  efferent  action 
in  an  afferent  nerve.  A  slight  artificial  stimulus  of  the 
pneumogastric  is  overcome  by  the  natural  excitation, 
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but  the  latter  may  be  delayed,  consequently  diastole  is 
lengthened;  a  weak  artificial  stimulus  is  stopped 
at  the  endocardium  by  the  opposing  force  of  the  blood 
stimulus.  Lengthened  diastole  allows  a  longer  period 
for  cardiac  nutrition,  hence  a  more  vigorous  systolic 
action ;  if,  however,  the  artificial  stimulus  of  the  pneu- 
mogastric  reaches  the  muscle  through  a  portion  of  the 
intracardiac  nerve  fibers,  then  it  will  oppose  contraction 
and  weaken  or  arrest  systole. 

Inhibition  through  the  intact  nerve  by  stimulation  of 
the  central  end  of  a  cut  pneumogastric  implies  that  the 
central  terminals  of  the  cut  pneumogastric  have  in- 
creased induced  fields  which  influence  directly  the  cen- 
tral terminals  of  the  intact  nerve.  Although  the  cardiac 
accelerator  fibers  are  thus  stimulated,  the  reversed 
pneumogastric  stimulus  takes  possession  of  the  endo- 
cardiac  field  and  inhibits  further  initiatory  blood- 
stimuli,  and  at  the  same  time  dominates  the  local 
ganglia. 

266.  Inhibition  of  the  Respiratory  Movements.  It  has 
been  shown  that  stimulation  of  the  upper  and  lower 
laryngeal  nerves  causes  arrest  of  the  respiration.  The 
principles  are  the  same  as  in  cardiac  inhibition,  and  are 
referred  to  under  chloroform  vibration  {§  279). 

The  double  cycle  of  vibratory  impulses  which  consti- 
tutes the  most  important  feature  of  the  functions  of  res- 
piration and  circulation  has  its  leading  oflf  points  at  the 
afferent  terminals  of  the  pneumogastric  nerve.  The 
essential  exciting  factor  is  the  electro-positivity  residing 
in  the  alkalinity  of  the  blood  (§  234),  although  a  cer- 
tain degree  of  circulatory  pressure  is  apparently  neces- 
sary. The  vibratory  waves  pass  along  the  afferent 
fibers  of  the  vagi,  and  are  reflected  through  the  efferent 
accelerating  fibers  to  the  respiratory  and  cardiac  mus- 
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cular  apparatus,  thus  mechanically  influencing  the  cir- 
culation of  the  blood  and  affording  fresh  stimuli  to 
initiatory  neural  polarization.  The  local  nerves  of  the 
heart  afford  a  shorter  pathway  for  the  Maves  to  travel 
than  the  route  through  the  medulla.  As  the  time  in 
which  the  waves  travel  from  their  starting  to  their 
summation  points  must  be  exactly  equal  throughout 
their  distinctive  routes,  it  follows  that  the  shorter  or 
local  routes  must  have  slower  vibrations  than  their 
co-operating  larger  ones.  The  difference  between  the 
vibratory  movements  of  the  longer  and  shorter  nerve 
fibers  may  be  similar  to  the  difference  of  movements  of 
voluntary  and  involuntary  muscle  fibers  as  manifested 
under  electric  stimuli  (§  26S).  The  intracardiac  nerves 
belong  to  the  sympathetic  system  the  neuromeres  of 
which,  like  the  sarcomeres  of  the  involuntary  muscles, 
may  have  relatively  slow  vibrations  and  tardy  re- 
spouses.  The  difference  of  vibration  of  molecules  is 
manifested  in  colors,  and  in  electric  conduction  as 
shown  by  the  varied  resistances  of  materials  (§  268). 

267.  External  Eleclric  Application  to  the  Pneutno- 
gastric  and  Cerincal  Sympathetic.  It  has  been  proved 
by  experiments  that  application  to  the  cervical  region 
will  influence  the  pulse,  and  produce  a  feeling  of 
warmth.  Sometimes  there  is  a  feeling  of  drowsiness, 
which  may  occur  during  the  seance  or  afterwards.  The 
effect  produced  is  a  resultant  of  electric  stimulation  of 
the  vagus  and  sympathetic. 


Action  of  Electricity  on  Involuntary  Muscles 

268.  When  it  is  remembered  that  electricity  stimu- 
lates all  organs  and  tissues  to  an  increase  of  their  nat- 
ural functions,  the  result  of  its  application  to  unstriped 
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muscular  fiber  can  be  understood.  The  responses  to 
electrical  applications  are  not  immediate  as  in  the  case 
of  striped  muscles,  but  a  short  period  of  time  elapse? 
before  contraction  takes  place,  and  the  contraction 
remains  for  some  time  after  the  current  stops  or  is 
withdrawn.  It  is  a  tonic  contraction  resembling  volun- 
tary muscular  tetanus.  Rockwell  claims  priority  in 
the  discovery  that  the  positive  pole  produces  more 
powerful  contraction  than  the  negative  on  involuntary 
muscle. 

Electric  stimulation  of  a  nerve  supplying  an  invol- 
untary muscle  produces  contraction  as  in  the  case  of 
voluntary  muscles.  The  unstriped  muscular  fibers  of 
the  blood  vessels,  stomach,  intestines,  bladder,  uterus, 
spleen,  gall  bladder,  as  well  as  of  the  iris,  ureters,  vas 
deferens,  tunico  vaginalis,  epididymis  and  oesophagus 
respond  to  direct  electrical  applications,  but  their  action 
is  modified  by  their  structure  and  local  conditions  and 
the  amount  of  muscular  tissue  in  them.  Direct  appli- 
cation of  the  current  varies  in  results  according  to  the 
current-strength.  Strong  currents  will  arrest  the 
heart's  action  in  a  dying  animal,  but  action  will  return 
when  the  current  is  broken.  Weak  currents  will 
prompt  the  heart  to  act  atter  it  has  been  stopped  by 
a  strong  current.  The  difference  of  action  of  voluntary 
and  involuntary  muscle  under  electrical  stimulation  is 
one  of  degree.  Both  react  to  the  galvanic  and  faradic 
currents;  the  action  of  one  is  a  quick,  almost  an  instan- 
taneous response,  that  of  the  other  is  slow. 

When  one  pole  or  electrode  is  placed  within  a  hollow 
muscular  viscus  as  the  stomach,  rectum,  or  uterus,  and 
the  other  externally,  and  the  circuit  closed,  contraction 
of  the  viscus  and  also  of  the  external  muscles  within 
the  circuit  will  follow.     Applications  to  the  bladder  can 
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be  made  directly  by  placing  one  electrode  inside  tbe 
organ  and  the  other  on  the  abdomen,  or  both  exter- 
nally, contractions  being  thus  produced.  The  uterus 
responds  to  both  currents  and  to  either  pole,  the  con- 
traction being  similar  to  that  in  other  involuntary 
muscles. 

The  walls  of  the  blood  vessels  contract  slowly  when 
currents  are  applied  directly.  The  action  is  similar  to 
that  of  ergot.  When  electric  currents  are  applied  ex- 
ternally clinical  evidence  shows  that  contraction  of  the 
small  arteries  is  produced.  The  larger  arteries,  not 
having  so  much  unstriped  muscular  fibers,  do  not  re- 
spond so  readily. 


CHAPTER  XXIII 

Neural  Vibration 

269.  Physiological  vibratory  action  constituting  nerve 
function  may  be  divided  as  follows : 

/.  Simple  polarization  of  the  vibratory  conductor. 
This,  the  primordial  principle  of  all  sensation,  im- 
plies polarization  of  physiologic  units  or  molecules — 
the  neuromeres — constituting  the  conductor.  It  is  a 
primordial  state  in  development  before  conscious  sen- 
sation arises  and  becomes  specialized,  and  even  before 
the  neurone  is  evolved.  In  the  simpler  forms  of 
animal  life  it  is  the  only  form  of  sensation ;  no  doubt 
it  is  also  a  property  of  plants.  In  the  neurone  of 
common  sensation  and  in  all  eflferent  neurones  func- 
tion seems  to  be  effected  by  this  form  of  vibratory  ac- 
tion, the  latter,  however,  being  responsive  to  rhythmic 
stimulation.  Its  modification  resides  in  its  intensity 
and  continuity.  Polarization  is  the  basic  element  of 
all  neural  vibratory  action,  including  special  sensa- 
tion. The  sensation  of  temperature  belongs  to  the 
simple  form,  the  change  in  temperature  increasing  or 
decreasing  the  pressure  on  the  nerve-terminal  or 
modifying  the  intermolecular  spaces  of  the  units, 
thus  producing  polarization.  The  heat  movement  is 
similar  to  that  in  crystallization  and  the  principle  is 
the  same  (§  148,  §  149). 
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2.  Polarization  imparled  to  a  neurone  by  an  exciting 
substance  in  contact  with  its  peripheral  terminal. 
Taste  and  smell  are  examples  of  this  form  of  vibra- 
tion. Smell  is  probably  caused  by  radiant  matter 
dissociated  from  the  odorous  substance  (§  143,  §  353). 
J.  Polarization  imparted  to  a  neurone,  the  excitation 
being  caused  by  the  wave  motion  of  ponderable  particles. 
Hearing  represents  this  form  of  vibration — an  alter- 
nately accelerated  and  retarded  polarization. 

.f.  Polarization  of  a  neurone,  the  excitation  being 
caused  by  wave  motion  in  the  medium  of  ether.  Sight 
represents  this  form  of  vibration — ether  by  displace- 
ment passing  through  the  induced  field  of  the  free 
and  initiatory  unit  excites  it  to  polarization  (§  149), 
its  distinctive  character  being  its  frequeacies. 

5.    Vibrations  set  up  in  the  cerebral  cortex  by  psychic 
influence.     These    may  belong    to   the   first  form   of 
vibrations — simple  polarization  and  depolarization  of 
centrifugal  neurones,  as  in  the  case  of  muscular  con- 
traction— or,   accompanying   polarization,  vibrations 
— simple    to  and   fro  movement — may  be    sent   out 
which  give  character  to  atoms,  or  ions  (or  their  vibra- 
tions), engaged  in  metabolic  processes  (§  231). 
There  are  no  known  analogous  external  vibrations 
from  which  to  judge  the  character  of  vMbrations,  impart- 
ing psychic  influences  to  atoms,  causing  each  cell  to 
represent  the  individual  bcj'ond  the  amplitude  of  molecu- 
lar potentials,  and  leading  to  hereditary  characteristics. 
As  neural  vibrations  are  accompanied  by  waste-disso- 
ciation, and  as  molecular  dissociation  must  be  accom- 
panied by  polarization,  the  conclusion  is  inevitable  that 
each  exciting  vibration   has    a  sequential  polarization 
and  depolarization  of  each  neuromere  within  the  excited 
neurone. 
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270.  The  vibratory  movements  of  molecules  are  in- 
timately related  to  electric  action.  We  have  seen  that 
the  trapeziform  method  (§  46)  of  vibration  transmits 
the  galvanic  current ;  and  the  faradic  is  a  to  and  fro  gal- 
vanic current  produced  through  the  phenomenon  of 
induction.  The  trapeziform  mode  of  vibration  is  essen- 
tially an  alternate  polarization  and  depolarization,  and 
ner\-e  vibratorj-  actions  must  have  this  as  a  common 
element.  The  tetanic  condition  approaches  a  fixed 
polarization ;  but  even  in  this  there  is  a  slight  relaxa- 
tion, which  means  depolarization.  Molecular  polariza- 
tion proceeds  along  the  neurone  in  wave  form  and  the 
neuronal  terminals  are  difTerentiated  poles.  Ciliary 
movement,  as  shown  b\'  the  ovum  traveling  on  its 
waves  (§  232),  is  reall}-  a  trapeziform  movement — alter- 
nate polarization  and  depolarization  of  the  cilia  (§  46). 

All  nioleciiles  are  capable  of  vibration,  but  they  vi- 
brate dififerently.  Non-vibration  is  molecular  death. 
On  the  other  hand,  the  higher  the  potential — the  life — 
of  the  molecules,  the  more  sensitive  they  are  in  vibra- 
tory response.  A  vibratory  molecule  must  have  an 
inductive  potential  and  must  have  an  induced  field, 
vibratory,  or  free  space.  The  inductive  potential 
of  the  molecule  gives  it  vibratory  sensitiveness,  but 
the  conduction  of  the  vibration  depends  on  the  rel- 
ative size  of  the  molecule  to  its  free  space,  and  the 
proper  adjustment  of  molecules  in  line.  When  the 
vibration  is  propagated  by  inherent  potential,  as  in 
physiologic  units,  there  must  be  a  concentrative  poten- 
tial from  which  is  furnished  energy  of  propagation.  In 
the  latter  case  there  is  a  complete  polarization  of  the 
molecule  with  each  vibratorx^  movement,  and  the  rela- 
tive size  of  the  ponderable  molecule  to  the  inductive 
potential  influences  its  frequency.     That  molecules  have 
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distinctive  vibratory  movement  is  evidenced  by  the  dif- 
ferentiated color  of  matter. 

271.  There  is  no  polarization  of  matter  that  is  not 
accompanied  by  a  corresponding  polarization  of  the 
intermolecular  ether.  Free  atomic  ether — electrifica- 
tion— from  its  adhesion  to  material  molecules  must 
partake  of  all  motor  changes  of  the  molecules  adhered 
to  (Fig.  2),  and  the  material  in  an  induced  field,  whether 
ether  or  ponderable  matter,  must  respond  tt)  all  vibra- 
tory stimulation  that  afifect  the  primary  potential, 
whether  the  potential  is  electric  or  chemic.  Further- 
more, it  is  clear  that  transmutation  of  vibratory  action 
between  molecular  matter,  molecular  ether,  and  atomic 
ether  must  be  reciprocal.  This  last  postulate  is  of 
fundamental  importance  to  a  proper  conceptioa  of 
electrical  phenomena,  and  is  self-evident  when  the 
relationship  between  the  factors  is  studied  (6,  §  145). 
Reciprocal  transmutation  of  vibratory  action  is  well 
illustrated  in  the  telephone  (§  146,  §  147),  and  in  the 
eye. 

272.  The  external  vibratory  phenomena  that  produce 
impressions  on  the  centripetal  terminals  of  the  nerves, 
and  are  thus  conveyed  to,  and  cognized  by  the  senso- 
rium,  are  objectively  known  as  light,  sound,  odor  and 
savor.  The  differences  of  these  phenomena  funda- 
mentally depend  on  the  distinctive  characters  of  the 
vibratory  act  peculiar  to  each. 

All  sensation  therefore  is  vibration,  and  the  funda- 
mental physiological  difference  is  in  the  rapidity  of  the 
motion,  in  the  intensity  of  the  act,  and  in  its  continu- 
ous or  rh3'thmic  character.  The  conduction  and  ap- 
preciation of  a  vibratory  act  must  take  place  through  a 
similar  act ;  therefore  nerve  tissue  must  be  capable  of 
vibrating  in  sympathy  with  external  motor  manifesta- 
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tions  before  cognizance  can  be  taken  of  these  phe- 
nomena. Hence,  from  the  necessity  of  possessing  dif- 
erentiating  powers  we  cannot  see  with  our  ears,  nor 
hear  with  our  eyes,  nor  smell,  taste  nor  touch  with  our 
optic  or  auditory  nerves.  A  state  of  incomplete  differ- 
entiation between  sight  and  hearing  has  been  found  to 
exist,  which  has  been  explained  on  the  hypothesis  that 
it  is  the  survival  of  a  primitive  epoch,  when  such  was 
the  rule  as  regards  all  sensation. 

Common  sensation  is  vibratory  in  character,  differing 
in  simplicity  and  frequency  from  special  sensation. 
Touch  by  compressing  the  tactile  corpuscle  polarizes 
the  sensory  neurone,  and  the  simple  degree  of  intensity 
or  fixity  of  the  polarization  may  be  differentiated  as  a 
painful  or  pleasurable  touch,  just  as  the  eye  can  appre- 
ciate a  diffuse  or  intense  light.  In  plants  as  well  as  in 
animals  the  property  of  molecular  polarization  exists, 
which  in  its  simplicity  is  the  primordial  principle  of 
all  sensation.  Hy  molecular  polarization  sensitive 
polar  fields  are  created,  and  the  polarized  mass 
assumes  different  forms  both  in  vegetable  and  animal 
organization.  In  nerve  tissue  polarization  of  medium 
intensity  is  physiologic,  an  alternate  polarization  and 
depolarization,  giving  sufficient  time  for  nutritional 
effects  during  the  rest. 

The  difference  between  painful  ;uid  pleasurable  sen- 
sations is  the  difference  in  the  continuity  of  polariza- 
tion, pain  being  the  manifestations  of  a  tetanized  nerve 
or  of  an  intense  induced  field  at  the  neurone-terminal. 
the  result  of  polarized  potentials,  or  of  ions  electrolyzed 
by  intense  or  over  action.  In  primordial  conditions 
therefore  all  sensations  are  represented  by  the  property 
of  simple  polarization,  which  by  evolution  and  special- 
ization become  functions  of  more  complex  character, 
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but  always  retaining  the  common   and   fundamental 
property. 

273.  The  physiologic  action  of  the  nerves  of  special 
sense  is  initiated  by  neuromere  and  neurone  polariza- 
tion, accompanied  by  the  special  vibratory  character- 
istic of  its  specialized  function;  whilst  the  action  of 
nerves  of  common  sensation,  and  of  efferent  nerves — 
motor,  etc. — merely  polarize,  a  modification  of  the  con- 
tinuity and  intensity  of  polarization  indicating  the 
degree  of  nerve  action. 

The  functional  power  of  differentiating  between  light 
and  sound  and  between  mere  contact  and  odor  or  taste 
on  the  part  of  sensory  terminals  is  not  the  limit  of 
their  discriminating  action.  They  are  to  a  large  extent 
able  to  appreciate  the  most  minute  variations  of  vibra- 
tory action  within  their  peculiar  sphere,  although  there 
are  light  vibratious  which  cannot  be  seen  and  sound 
vibrations  which  cannot  be  heard.  The  intense  power 
of  selective  action  on  the  part  of  nerve  tissue,  and  the 
influence  of  vibratory  forces  on  nerve  tissue  and  func- 
tions, afford  phyjiiologic  proof  of  the  therapeutic  value 
of  vibratory  medicinal  agents  such  as  electricity,  music, 
light,  etc.,  and  that  in  such  agents  we  have  a  range  of 
vibratory  force  capable  of  modifying  numerous  patho- 
logical conditions  of  the  nervous  system,  requiring 
only  judgment  in  choosing  and  setting  the  instrument, 
or  in  prescribing  a  vibratory  agent  capable  of  acting  in 
sympathy  with  the  particular  case. 

The  change  that  takes  place  when  an  external  be- 
comes an  internal  vibratory  action  is  merely  one  of 
medium.  Light,  the  expression  of  a  vibratory  force  in 
the  medium  of  molecular  ether,  when  reaching  the 
surface  of  the  retina,  becomes  a  vibratory  motion  prob- 
ably of  the  same  period  in  sensitive  molecules  of  the 
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filaments  in  the  layer  of  the  rods  and  cones,  according 
to  their  individual  differentiating  power  of  interception. 
Through  the  structure  of  the  retina  it  is  conveyed 
along  the  optic  nerve,  thence  to  the  optic  thalami,  and 
from  these  reflexly  or  directly  to  the  cerebral  cortex. 
Throughout  its  course  the  physiologic  action  must 
necessarily  remain  a  vibration.  It  may  lower  or  raise 
its  frequency,  modify  its  intensity,  or  change  its  medium 
of  travel,  but  it  still  retains  its  essentially  vibratory 
character,  and  each  vibration  must  be  accompanied  by 
a  complete  molecular  polarization  with  waste  dissocia- 
tion. 

What  applies  to  light  vibrations  in  the  sensation  of 
sight  equally  applies  to  sound,  odor,  and  taste,  and  their 
respective  sensory  vibrations.  The  common  ground 
upon  which  all  sensation  stands  is  vibration,  and  the 
most  important  distinctive  difference  of  the  sensory 
movements  is  that  of  frequency,  although  the  vibra- 
tions in  light  are  continuous,  while  those  of  sound  are 
intermittent  or  rhythmic.  Therefore,  from  all  parts 
of  the  body  through  the  medium  of  the  nerves,  common 
and  special,  there  are  constantly  arriving  at  the  central 
ganglia,  vibrations,  which  it  is  the  functional  property 
of  the  central  or  terminal  units  to  differentiate  and 
transpose.  As  we  are  able  to  judge  of  the  character  of 
the  sensory  action  by  a  stud\^  of  the  force  that  acts  on 
the  periphery,  so  we  may  be  able  to  form  a  conception 
of  that  psychic  force,  between  which  and  nerve  function 
there  is  reciprocal  action  and  reaction,  by  a  study  of 
the  physiologic  action  of  the  nerves  themselves.  If 
nerve  function  is  fundamentally  a  vibratory  action, 
psychic  force  must  have  a  corresponding  responsive 
action  in  order  to  appreciate  vibratory  variations. 
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We  can  explain  by  electric  induction  how  a  nerve 
unit  in  the  spinal  cord  or  cerebral  ganglia  can  receive 
an  impression  from  an  afferent  nerve,  and  convey  an 
immediate  impulse  to  an  efferent,  but  there  are  no 
electrical  phenomena  to  explain  how*  a  sensation  can 
be  transformed  to  psychic  potential,  and  after  an 
indefinite  time  how  a  resulting  impulse  is  sent  out 
through  a  different  neurone.  But  a  thought  which 
may  be  regarded  as  the  result  of  an  external  vibratory 
action,  and  the  unit-manifestation  of  psychic  force,  may 
consist  of  a  vibration  in  a  medium  more  subtle  than 
ether. 

274.  The  first  step  in  all  nerve  function  is  polariza- 
tion, not  only  of  the  physiologic  molecules,  but  of  the 
conducting  fibril  or  neurone.  But  although  polariza- 
tion is  essential  to  and  is  the  fundamental  element  of 
all  nerve  action,  and  in  the  case  of  some  nerves  may 
constitute,  in  its  simplicity,  the  whole  of  the  physio- 
logic act,  yet  in  the  case  at  least  of  nerves  of  special 
sense,  polarization  is  characterized  by  distinctive  fre- 
quencies, accelerations  and  retardations,  or  even  by  re- 
versed polar  action,  which  are  responses  to  external 
vibratory  phenomena.  These  responses  must  corre- 
spond in  character  to  the  exciting  vibrations.  The 
difference  between  disgust  and  a  pleasing  taste,  be- 
tween an  acid,  a  bitter,  or  a  sweet  one,  is  the  difference 
in  the  rapidity  or  intensity  of  vibration.  Material 
giving  acid  reactions  may  delay  or  inhibit  normal 
polarization  or  have  a  tendency  to  produce  reverse 
polarization.  Touch,  a  slight  impression  on  the  slfin, 
a  kiss,  sexual  contact,  or  even  a  mutual  glance,  are  the 
connecting  of  two  systems  of  potentialed  neurones  which 
vibrate  rapidly  or  slowly,  polarize  intensely  or  slug- 
gishly, harmoniousl)'  or  discordantly,  setting  up  the 
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millions  of  variable  sensations,  pleasurable  or  painful; 
between  all  of  which  a  highly  evolved  and  sensitive 
nerve-unit  is  capable  of  discriminating.  The  concep- 
tion is  entertaiuable  that  between  sensitive  units  in 
different  individuals  there  may  exist  a  sympathetic 
vibratory  movement,  which,  radiating  through  the 
ether,  are  mutually  interceptable  and  cognizable. 
There  exists  therefore  in  the  units  of  conducting  nerve 
tissue  a  physiological  capacity  of  vibration,  differing 
in  different  nerves  or  functional  groups,  having  dis- 
tinctive normal  limits  of  frequencies  and  periods  be- 
yond which  there  exists  either  no  response,  or  a 
responsive  action  which  is  so  rapid  or  so  slow  as  to  be 
productive  of  pathologic  results. 

The  physiologic  variation  in  the  retino-cerebral  ap- 
paratus corresponds  to  that  of  light  capable  of  affecting 
the  eye  physiologically;  that  of  the  auditory  apparatus 
corresponds  to  the  range  of  souud-appreciatlon ;  and 
that  of  other  sensory  nerves  are  analogous  to  their  dis- 
tinctive vibratory  differentiations  and  capacities  of  re- 
sponse. Accordingly,  by  changing  our  field  of  vision. 
from  red  to  violet  we  about  double  the  rapidity  of 
-\'ibrations  in  the  optic,  and  there  will  be  a  much  larger 
comparative  change  in  the  auditory  nerve  throughout 
the  variation  of  its  functional  activity.  A  physical 
demonstration  of  different  rapidities  of  vibratory  action 
can  be  had  in  the  resistance  of  the  electrical  current  in 
different  media;  iron,  for  instance,  offers  a  resistance 
six  times  as  great  as  that  of  copper,  that  is,  copper 
molecules  vibrate  six  times  faster  than  those  of  iron. 
The  resistance  can  be  decreased  by  increasing  the 
cross-sectional  area,  that  is,  by  increasing  the  number 
of  molecules  as  vibratory  carriers  of  atomic  ether. 
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Color  indicates  the  peculiar  vibration  taking  place  in 
the  molecules  of  the  substance,  and  points  to  all  matter 
having  as  man}'  distinctive  molecular  vibrations  as 
there  are  varieties  of  color. 

275.  Some  bodies  can   originate   only  one  kind  of 
vibration,  and  these  can  intercept  only  one  kind,  while 
origination  and  interception   of  vibrations  of  various 
periods  are  properties  possessed  by  other  bodies.     This 
is  the  key  to  the  whole  problem  of  functional  differen- 
tiation possessed  by  nerve  structure,  and  it  may  also 
explain  the  selective  action  of  drugs  and  other  sub- 
stances  on    the    nervous    system.      The    physiologic 
action  of  drugs  exhibits  peculiar  selective  properties 
which  have  been  explained  on  the  basis  of  chemical 
affinity.     This  implies  a  molecular  decomposition,  in 
other  words  destruction  of  the  drug  as  such,  but  this  is 
contradicted  b}'  elimination  taking  place  to  an  extent 
approximating  that  of  absorption  in  the  case  of  some  of 
these.     Besides  it  is  inconceivable  that  morphia  and 
strychnia,  being  composed  of  the  same  ultimate  atoms, 
differing  slightly  in  relative  number,  and  having  the 
same  chemical    antidote    in    the   oxidizing   agency  of 
permanganate  of  potassium,  should  have  by  means  of  fl 
chemic   affinity   and   reciprocal   dissociation    opposing 
ph3'siologic  actions.     Moreover  the  tissues  themselves   mt 
do  not  differ  so  widely  in  chemical  construction  as  to   ™ 
warrant  the  belief  that  such  a  differential   degree  of 
action  as  that  possessed,  say  by  an  anaesthetic,  can  take   fl 
place    through    the    medium    of   chemical    exchange. 
Also,  it  must   be  kept  in  mind  that  function  is   not 
accompanied  by  chemic  action  between  molecules,  but 
a  dissociation  from  one  molecule — the  physiologic  unit 
Chemic  action  between  another  molecule  and  the  unit 
would  be  destructive  of  the  latter.     Clearly  the  explana- 
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tion  of  the  selective  action  of  drugs  must  be  sought  for 
in  a  different  direction.  In  the  distinctive  vibratory 
capacity  of  neurones  and  in  the  comprehensive  varia- 
tion of  vibratory  frequencies  of  the  whole  nervous 
system,  as  proved  by  its  power  of  differentiation  of 
external  vibratory  phenomena,  on  the  one  hand ;  and  in 
the  fact  that  all  matter,  organic  or  inorganic,  differs  in 
the  rapidities  of  its  molecular  vibrations  on  the  other 
hand,  we  have  a  rational  explanation  of  the  action  of 
many  medicinal  agents. 

276.  The  properties  of  calorescence  and  fluorescence 
possessed  by  certain  substances  typify  the  action  of 
drugs  in  modifying  or  nullifying  nerve  action.  Platinum 
and  lime,  for  instance,  under  certain  conditions,  have  the 
property  of  raising  the  refraugibility  of  obscure  rays  of 
the  infra-red  variety  so  that  they  become  luminous. 
On  the  contrarv,  as  shown  bv  an  ordinary  spectrum, 
a  solution  of  the  sulphate  of  quinine  will  lower  the  rate 
of  vibration  in  an  ultra-violet  ray  to  a  period  apprecia- 
ble to  the  eye  as  light.  Could  there  be  a  clearer  dem- 
onstration of  the  action  of  quinine  as  an  anti-pyretic 
than  the  simple  fact  of  its  possessing  this  fluorescent 
propertj'?  If  it  synchronise  ether  vibrations  outside 
the  human  body,  it  will  hardly  be  denied  that  it  can  do 
so  inside.  Again,  the  en/.ymes  (§  212)  present  a  type 
of  action  which  no  doubt  represents  nerve  stimulants 
such  as  strychnia. 

It  is  apparent  that  a  body  with  an  intense  induced 
field  will,  according  to  its  potential,  inductively  electrify 
all  polarizable  bodies  within  its  area.  Figure  122  rep- 
resents a  strj^chnia  molecule  with  its  magnetic  field. 
(§19.)  A  salt  of  strychnia  introduced  into  the  body 
being  entirely  soluble,  is  equally  present  in  all  parts  of 
the  circulation,  but  its  selective  action  is  on  the  spinal 
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cord,  and  particularly  on  the  multipolar  ganglia  in  the 
anterior  horns  of  the  cord.  Its  action  is  distinctly 
calorescent.  A  few  strychnia  molecules  coming  in  con- 
tact with  the  dendritic  processes  of  one  of  the  centers 
inductively  polarize  the  fibril,  and  raise  the  latter's 
vibratory  action  to  accord  with  that  of  strychnia  vibra- 
tion. Each  additional  molecule  of  strychnia  arriving 
at  the  scene  of  action  is  like  adding  an  additional 
electro-motive  force  to  an  electric  current,  and  this 
goes  on  until  the  vibratory  action  of  the  nerve  passes 
the  physiologic  limit,  and  there  is  a  tonic  contraction 
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of  the  muscle  as  in  the  administration  of  a  powerful 
galvanic  current.  Each  strychnia  molecule,  after  doing 
its  work  and  undergoing  no  chemical  change  as  a  re- 
sult, is  iibsorbed  by  the  lymphatics  to  be  eliminated,  or 
again  and  again  by  circulatory  influences  to  be  brought 
back  as  a  reinforcement  to  others. 

277.  The  rapiditj'  of  the  vibrations  of  morphia  is 
much  lower  than  that  of  the  vibrations  of  strychnia, 
and  slower  than  the  vibratory  action  of  most  nerve 
tissue,  although  its  stimulating  action  in  small  doses 
proves  its  power  of  raising  the  rate  of  vibrations  of  cer- 
tain centers.  However,  the  principal  action  of  morphia 
is  to  obstruct  nervous  vibrations  or  to  lower  the  molec- 
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ular  movement  to  periods  synchronous  with  its  own 
molecules.  The  formula  of  morphine  is  given  as  follows : 

C,;H,!)N  Os  +  HjO.     Molecular  weight,  302.34. 

In  its  negativities  and  positivities  the  morphine  mole- 
cule is  more  evenly  balanced  than  the  strychnia  mole- 
cule. Under  polarization  it  has  four  oxygen  atoms, 
and  oxygen  is  the  most  negative  of  all  the  elements. 
These  partly  balance  the  positive  character  of  other 
atoms,  which  are  less  numerous  than  those  of  strych- 
nia. The  potential  of  the  morphine  molecule  resides 
in  the  number  of  atoms  in  its  construction  or  potential 
of  coucentrativeness ;  the  inductive  potential,  however, 
is  of  positive  character,  but  its  positivity  is  not  so  pro- 
nounced as  in  the  case  of  the  strychnia  molecule. 
Upon  the  positivity  or  alkaloidal  character  of  morphia 
rests  its  initiatory  stimulus  to  nerve  action  ;  and  upon 
its  producing  a  vibratory  block,  by  interfering  with  the 
association  of  molecules  of  polarization,  depends  its 
narcotic  properties.  It  stimulates  a  terminal  in  the 
endocardium  by  re-euforcing  the  electro-positivity  of 
the  blood-serum,  and  blocks  the  polarization  of  physi- 
ologic units  when  mixing  with  nutritional  elements. 

The  vibratile  movements  of  strychnia,  morphine, 
and  chloroform  as  shown  by  their  physiologic  action 
on  nerve  tissue,  illustrate  in  a  marked  degree  the  rela- 
tionship between  the  vibratory  action  and  the  qualitative 
and  quantitative  potential  of  molecules. 

278.  Cocaine  is  opaque  to  certain  vibrations — those 
of  the  peripheral  nerve  terminals — ^just  as  certain 
bodies  are  opaque  to  certain  lights ;  thus  by  inserting 
itself  into  the  conducting  nerve  tissue  it  prevents  the 
propagation  of  the  particular  rays  of  energy  of  which 
sensory  nerves  are  conductors.     A  cocaine   molecule, 
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inserting  itself  between  the  raolecwles  or  physiologic 
units  of  the  polarizing  elements  of  peripheral  sensory 
nerve-fibrils,  interferes  with  the  rhythm  of  the  trapezi- 
form  movement  of  these  elements  (§7,  §  174,  §  175). 
Curare,  on  the  other  hand,  causes  a  block  of  the  motor 
wave- vibration,  probably  at  the  motor  plate. 

279.  Chloroform,  CHCln,  has  large  potential  of  neg- 
ative quality.  The  hydrogen  atom  is  specifically 
positive.  The  carbon  atom  is  qualitatively  equipoten- 
tial  or  feebly  positive.  Chlorine  has  a  large  negative 
potential,  which  when  multiplied  three  times  gives  the 
molecule  of  chloroform  an  intense  negativity  with  a 
large  induced  field  (Fig.  122).  The  potential  of  con- 
centrativeness  of  chloroform  is  small  iu  comparison  to 
organic  molecules. 

By  inhalation  chloroform  is  absorbed  into  the  blood 
by  osmotic  action,  the  negativity  of  chloroform  and  the 
positivity  of  the  blood  creating  a  physical  attraction. 
Perhaps  the  pulmonar)'  polar  arrangement  assists  os- 
mosis. The  mutual  attraction  does  not  appear  to  be 
sufficient  to  cause  a  chemic  reaction.  Nevertheless 
chloroform  is  capable  of  partially  or  wholly  neutraliz- 
ing, through  its  vibratile  action,  the  vibrations  of  the 
positivities  resident  in  the  alkalinit}'  of  the  blood.  A 
concentrated  inhalation  takes  vibratile  possession  of  the 
blood  and  cuts  off  the  vibratory  stimulus  of  the  respira- 
tory reflex.  Chloroform  occupies  the  induced  fields  of 
electro-positive  blood-elements,  and  neutralizes  positive 
stimulus.  However,  the  surface  of  the  lung  is  so  large 
that  there  is  generally  sufficient  normal  vibration  of 
positive  character  in  some  part  of  its  circulation  as  to 
make  the  danger  comparatively  small.  Further,  the 
blood  constantly  reaching  the  lung  is  free  from  chlo- 
roform.    The  normal  vibratile  stimulus  of  respiratory 
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movements  depends  on  the  alkalinity  of  the  blood,  and 
not  on  the  presence  of  carbon  dioxide  (§  233,  §  236). 

When  the  blood  containing  chloroform  fills  up  the 
cardiac  cavities,  pressing  at  the  distoHc  height  equally 
on  all  parts  of  the  endocardium,  in  which  terminate  the 
afferent  fibers  of  the  pneumogastric,  the  chloroform 
retards  or  inhibits  normal  polarization;  or,  if  concen- 
trated, it  stimulates  the  fibers  to  polarize  reversely, 
that  is,  with  their  positive  poles  toward  the  negative 
chloroform,  just  as  in  the  case  of  an  electric  stimulus 
to  a  divided  pneumogastric  (§  261,  §  264),  and  the  re- 
sult is  exactly  the  same  in  both  cases.  The  endocar- 
diac  nerve  terminals  become  abnormally  and  positively 
charged,  their  positive  molecular  poles  turn  towards  the 
endocardiac  surface — towards  chloroform  negativities — 
the  cardiac  neural  pathways  are  reversely  polarized, 
the  impulse  nerve  tract  is  blocked,  and  the  muscle  of 
the  heart  is  said  to  be  paralyzed. 

All  nerve  centers  or  terminals,  having  negative  mo- 
lecular potentials,  and  negative  leading  off  points,  and 
thus  requiring  positive  stimulation,  are  affected  seda- 
lively  by  the  vibratile  negativity  of  chloroform.  The 
intensity  of  chloroform  action  is  modified  by  the  circu- 
latory distance  of  the  center  from  the  lung,  thus 
allowing  the  chloroform  to  become  diluted,  and  by  the 
distinctive  frequency  of  vibration  that  characterizes  the 
nerve  center. 

Chloroform  may  interfere  with  polarization  of  the 
muscle-disc  by  taking  possession  of  the  associating 
molecules  of  polarization,  and  may  even  block  nutrition 
by  occupying  the  induced  fields  of  nutritive  elements 
such  as  glucose-molecules,  thus  temporarily  weakening 
the  cardiac  muscle.  These  actions  must  be  accom- 
plished in  the  blood  as  it  passes  through  the  cardiac 
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nutrient  artery.  It  may  also  interfere  with  association 
of  molecules  of  polarization  of  the  nerve  units. 

280.  Alcohol  is  electro-positive  in  its  molecular  in- 
ductive potential.  The  alcohol  molecule  has  more 
positivities  and  less  negativities  than  chloroform ;  when 
broken  up  by  chemic  action  alcohol  furnishes  ether 
from  its  molecular  induced  fields.  The  stimulating 
action  of  alcohol  depends  on  its  oxidation  and  forma- 
tion of  simpler  compounds,  thus  setting  free  energy, 
and  on  its  vibratory  positivities,  thus  assisting  the 
normal  action  of  the  blood.  Chemic  dissociation  evi- 
dently takes  place  in  the  circulation,  especiall}'  in  that 
of  the  lung,  thus  differing  from  nutritive  molecules, 
the  dissociation  of  which  takes  place  in  the  tissues. 
When  taken  in  quantities  beyond  the  power  of  oxida- 
tion alcohol  is  sedative  through  over  stimulation  and 
through  blocking  the  processes  of  nutrition,  and  inter- 
fering with  the  absorption  of  the  associating  molecules 
of  polarization. 

2S1.  The  author  formulates  the  following  law  in 
regard  to  the  vibratile  action  of  medicinal  agents:  An 
inductive  potential  acts  agg^ressively  on  the  vibrations 
of  the  tissues,  but  the  aggression  is  difierentiated  as  to 
positivit}'  or  negativity:  (i)  As  to  the  quality  of  the 
molecules  of  the  agent,  and  (2)  as  to  the  quality  of  the 
molecules  of  the  tissues.  As  the  leading  oflf  point  of 
conducting  nerve-tissue  is  always  negative,  it  follows 
that  positive  potential  is  the  physiologically  vibratory 
stimulant  to  nerve  action,  as  stimulation  is  accomplished 
under  the  law  of  unlikes  attracting  {§  234,  §  235).  Again, 
vibratory  frequencies  increase,  decrease  or  block  nerve 
vibration  through  their  fluorescent  or  calorescent  prop- 
erties, or  through  their  differentiated  rhythm  (§  253). 
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The  vibratory  zero  resides  in  the  molecule  of  ether. 
Vibratory  potential  increases  towards  positivity  or  neg- 
ativity according  to  the  character  of  the  molecules 
(§  19,  20).  Responsive  sensitiveness  is  in  direct  pro- 
portion to  the  potential  of  the  molecule  and  inversely 
to  the  molecular  weight  (§  i,  §  253) ;  but  the  frequencies 
appear  to  depend  upon  a  specific  balance  of  these  factors. 
The  molecule  of  ether,  having  no  molecular  weight 
and  no  potential,  is  only  capable  of  imparting  vibra- 
tions by  propagation  through  its  impenetrability  and 
elasticity ;  but  when  ether  is  polarized  it  has  a  poten- 
tial, and  still  having  no  molecular  weight,  it  is  ex- 
tremely sensitive  to  vibratory  influence.  Consequently 
the  induced  electric  or  magnetic  fields  of  charged 
bodies  and  of  molecules  of  high  potential  are  ex- 
tremely sensitive  to  vibratory  influence. 

Vibratory  medicinal  agents  include  a  large  number 
of  drugs,  such  as  ergot,  digitalis,  belladonna,  ether, 
aconite,  etc.,  but  the  scope  of  this  work  will  not  permit 
of  the  discussion  of  their  action  in  detail. 

282.  Closely  connected  with  this  part  of  the  subject 
are  stimulation  and  inhibition  of  muscular  action 
through  the  medium  of  the  nerves.  The  slowing  or 
quickening  of  the  heart's  action  by  stimulating  the 
pneumogastric  or  vasomotor  nerves,  has  been  ex- 
plained by  the  author  in  previous  writings  on  the 
hypothesis  that  there  exists  a  diff"erent  rate  of  vibration 
in  the  axis  cylinder  of  these  nerves,  and  that  their 
respective  periods  are  in  part  complementary,  their 
union  thus  producing  a  result  similar  to  interference 
in  the  phenomena  of  light  and  sound.  The  explana- 
tion of  inhibition  has  been  given  in  this  work  (§  264) 
as  an  efferent  impulse  in  an  afferent  nerve,  the  impulse 
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taking  possession  of  the  leading  off  point  in  the  field 
where  the  physiologic  vibration  is  initiated. 

283.  Heat  or  cold  applied  to  the  body  influences  the 
molecular  vibrator}'  action  of  the  part  to  accord  with 
that  of  the  application,  and  although  a  poultice  will 
relieve  pain,  it  does  so  probably  by  hastening  absorp- 
tion or  relaxing  the  tissues,  whereas  ice  relieves  by 
loweriug  vibration  directly. 

Pleasure  may  be  described  as  a  heighteuing  of  vibra- 
tion within  the  physiologic  variation;  pain  as  a  dis- 
turbance of  vibration  outside  of  the  physiologic  capacity, 
or  as  a  tetanic  condition  of  the  nerve — a  continued 
polarization,  or  with  slightly  intermittent  depolariza- 
tion. If  pleasurable  vibrations  are  prolonged  beyond 
the  power  of  the  system  to  equilibrate  them,  or  of  nu- 
trition to  maintain  the  molecular  potential,  they  will 
end  in  pain.  Physical  pain,  anger,  impatience,  are 
accompanied  by  excessive  vibration;  while  fear,  sor- 
row, and  depression  decrease  the  normal  rate,  or  pro- 
duce a  state  of  depolarization  with  slight  responsive 
capacity  for  polarization.  A  person  with  toothache 
going  to  the  dentist,  his  nerve-molecules  vibrating 
abnormally  high  on  account  of  the  pain,  thinks  of 
having  the  tooth  extracted,  and  the  fear  of  such  an 
operation  immediately  lowers  the  rate  of  vibration,  and 
thus  for  the  time  the  ache  ceases.  In  a  neural  path- 
way the  proximate  terminals  of  certain  neurones  may 
be  so  relatively  placed  to  the  distal  terminals  of  other 
neurones  as  J  to  intercept  stimuli  from  two  or  more 
sources;  and  it  is  obvious  that  vibrations  of  different 
characters  may  arrive  at  a  neural  station,  which  may 
increase  or  decrease  the  frequency,  or  disturb  the 
rhythm  of  the  normal  vibrations  of  the  pathway.  Some 
of  these  extraneous   vibrations  may  express  joy,  and 


NEURAL  VIBRATION 


439 


I 


I 


Others  despair ;  in  fact  there  may  be  as  many  by-paths 
with  distinctive  vibratory  characters  as  there  are  senti- 
mental expressions.  An  irritable  or  irregular  heart- 
beat may  be  the  resultant  of  confluent  vibrations  modi- 
fying the  normal  rhythm  of  the  cardiac  cycle;  and 
the  painful  vibrations  of  a  neurone  may  be  allayed  by 
the  blending  of  less  frequent  vibrations.  Clearly,  al- 
though nerve  fibers  do  not  anastomose  nerve  currents 
are  confluent.  It  is  a  physiological  but  not  an  ana- 
tomical anastomosis, 

284.  The  whole  nervous  system,  like  the  circulatory, 
in  the  vibratory  sense  is  undoubtedly  continuous. 
By  introducing  into  the  latter  a  soluble  substance,  it 
permeates  every  part  of  the  body,  selecting  certain 
structures  which  are  acted  upon  according  to  chemical 
and  other  laws;  it  is  the  same  when  a  vibration 
enters,  by  sight,  hearing,  smell,  taste  or  touch,  into 
the  grand  continuous  truuk  of  nerve  potentials  or  vi- 
bratory nerve  structures.  The  vibration,  according  to 
its  period,  has  a  direct  selective  and  modifying  influ- 
ence on  the  emotions,  intellect,  sentiments,  or  on  the 
circulatory,  respiratory,  absorptive  or  eliminative  ap- 
paratus ;  in  fact,  on  every  vibratory  motion  that  goes 
to  make  up  the  personality  of  the  individual.  Sound 
entering  this  channel  of  nerve  force  aflfects  the  system 
according  as  it  is  high,  deep  or  medium.  The  shoveling 
of  coal  on  the  sidewalk,  the  sharpening  of  a  saw,  and 
the  voices  of  some  people  rasp  every  sensitive  nerve 
filament;  while  other  voices,  other  tones,  bring  into 
physiologically  harmonious  action  the  whole  vibratory 
system.  A  sound  vibration  travels  along  the  auditory 
nerve  with  distinctive  polarizing  rhythm.  At  the 
auditory  central  terminals  alternate  polarizations  and 
depolarizations  rhythmically  affect  the  proximate  cen- 
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trifugal  terminals,  which  respond  accordingly;  the 
alternate  action  of  polarization  and  depolarization  in 
the  auditory  nerve,  being  effected  by,  and  in  harmony 
with,  the  external  sound-vibrations,  are  thus  prop- 
agated through  all  pathways.  Between  the  afferent 
path  in  the  auditory  nerve  and  the  efferent  motor  path- 
way, music  travels  through  the  psychic  region,  or  may 
be  switched  off  into  this  region,  thus  producing  mental 
effects  according  to  its  character  and  the  responsive  po-^ 
tentials  of  cerebral  units. 

285.  It  is  the  same  with  colors,  although  in  a  less 
degree;  and  green,  which  stands  in  the  middle  in 
vibrating  strength  and  is  the  prevailing  color  in  the 
activities  of  nature,  is  probably  the  best  borne  by  the 
eye;  and  it  has  been  asserted  that  the  rapid  vibrations 
of  violet,  blue,  and  green  light,  have  a  calming  effect; 
and  the  less  rapid  red  has  an  exciting  effect  on  the 
nervous  system.  The  effect  of  light  on  animal  growth 
differs  in  relation  to  the  vibratory  frequencies  and  to 
the  kind  of  animal.  The  vitalit3'  of  most  animals  is 
stimulated  b}'  exposure  to  violet;  but  silk-womis  grow 
less  rapidly  in  violet  light  than  in  the  lower  light 
vibrations.  That  a  bull  is  excited  by  red  and  a  horse 
quieted  by  blue  can  only  be  explained  by  the  accord 
and  discord  of  light  and  nerve  vibrations. 

286.  Music  is  perhaps  the  most  emotionally  stirring 
of  all  the  arts;  moreover  musical  sound  of  all  oscilla- 
tory motions  which  influence  nerve  action,  produces 
the  most  deep,  intense  and  varied  responsive  expres- 
sions, and  the  explanation  of  this  can  be  given,  not 
from  the  metaphysical  aspect,  but  from  the  physical 
character  of  its  workings.  If  the  possible  variation  in 
the  rapidity  of  vibrations  in  most  nerve  tissues  con- 
forms with  the  variation  existing  in  sound  between  the 
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highest  and  the  lowest  pitch,  such  conformity  will 
account  for  the  sj^mpathy  existing  between  nerve 
vibration  and  music.  With  simple  rhythmic  sounds 
the  aborigines  of  North  America  are  able  to  intoxicate 
themselves  for  hours,  while  a  sensitive  and  cultivated 
musician  may  be  thrown  into  convulsions  by  a  too 
marked  discord. 

Music,  according  to  the  instrument,  voice,  tuue, 
melody,  rh3^thm  or  tonality,  produces  joy,  sadness,  ten- 
derness, tears,  laughter,  tranquillity  or  uneasiness;  the 
result  also  depending  on  the  ph3'siologic  and  physical 
conditions.  That  the  effects  produced  by  music  are 
primarily  physical  has  been  conclusively  proved  by 
experiments  on  animals,  they  being  particularly  sensi- 
tive to  rhythm ;  and  from  observations  on  man  from  the 
savage  to  the  cultivated  amateur,  all  being  sensitive, 
differing  only  in  degree. 

Music  as  a  vibrator}'  remedial  agent  ought  to  have  a 
wide  field  of  usefulness.  According  to  the  rhythm, 
harmony  or  discord,  it  dilates  or  contracts  the  arterioles, 
quickens  or  retards  the  heart's  action;  thus  regulating 
the  blood  supply,  modifying  nutrition  and  inducing  a 
healthy  metabolism.  It  slows  or  stimulates  the  res- 
piratory movements,  bringing  about  a  health}^  oxidation 
of  the  tissues  and  arousing  the  lethargic.  Acute 
sounds,  like  the  break  in  an  electric  current,  will  cause 
muscular  contraction,  aud  the  motor  and  sensory 
nerves  respond  to  stimulating  music,  thus  acting  as 
a  massage  and  producing  local  development.  It  acts 
indirectly,  if  not  directly,  on  all  vital  functions,  and  if 
correctly  used  its  tendency  is  always  toward  the  normal 
in  its  results.  Shocks,  sweating,  thrills,  horripilation, 
are  symptoms  which  attest  its  intensity.  In  emotional 
disturbances,  mental  exhaustion,  insomnia,  hysteria,  hy- 
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pochondria,  and  in  all  those  conditions  where  prolonged 
vibrations  have  exceeded  the  equilibrating  processes, 
and  which  if  continued  might  lay  the  foundation  of  a 
future  insanity,  music  of  one  kind  or  another  is  indi- 
cated as  a  curative  and  prophj'lactic  agent. 

The  soothing  influence  of  consonances  and  the  stim- 
ulating action  of  dissonances,  the  more  exciting  major 
key  and  tlie  less  exciting  minor,  can  be  made  use  of  to 
produce  differential  results,  according  as  an  anti-spas- 
modic, calmative  or  exalting  effect  is  needed.  In  fact, 
each  tone  has  its  peculiar  significance,  requiring  only 
a  correct  interpretation  to  be  successfully  applied  to 
the  pathological  vibratory  disturbance,  where  it  is  indi- 
cated for  its  healthy  modification. 

287.  Of  all  external  vibratory  forces  that  influence 
internal  molecular  vibrations,  electricity  is  one  of  the 
most  valuable  for  therapeutic  purposes.  It  can  be 
given  in  just  as  exact  dosage  as  drugs;  and  it  always 
remaius  under  the  control  of  the  administrator,  and  its 
action  commenced  or  stopped  at  pleasure.  It  can  be 
made  general  or  local  in  its  application  at  the  will  of 
the  operator;  and  it  can  be  used  for  its  chemical,  elec- 
trotonic,  tonic,  stimulating  or  antispasmodic  effects;  in 
short,  electricity  will  quicken  or  retard  all  functional 
vibratory  actions  of  the  human  system. 

Electro-neuro-muscular  vibratory  phenomena  fully 
accord  with  the  differential  effects  produced  by  light 
and  sound  frequencies  on  the  nervous  system.  The 
general  law  governing  the  physiological  action  of  fre- 
quencies may  be  thus  formulated :  Comparatively 
high,  unvarying  or  gradually  varying  frequencies  of 
vibration^  are  calming  or  even  anesthetic;  whilst  slow  oy 
abruptly  varying  frequencies  are  exciting. 


CHAPTER  XXIV 
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jS8.  After  a  period  of  nerve  action  there  is  loss  of 
potential  in  the  nerve-unit;  and  it  is  necessary  that 
rest  should  follow  in  order  that  what  has  been  lost  may 
be  made  good.  It  is  not  enough  that  there  is  rest  of 
individual  neurones  following  an  eifort,  but  a  complete 
periodic  relaxation  of  all  neurones,  more  or  less, 
of  the  cerebro-spinal  system,  with  slowing  of  the 
respiratory  and  circitlator}^  movements,  and  with  dimin- 
ished secretion  and  excretion,  is  essential  in  maintain- 
ing the  physiologic  equilibrium.  Sleep  therefore  is  a 
slowing  of  the  processes  of  life  accompanied  by  general 
recuperation.  The  work  performed  causes  a  loss  of 
molecular  potential  and  lessens  the  iutensity  of  nervous 
response,  conditions  inducive  of  sleep;  at  the  same  time 
outside  stimuli  may  be  reduced  to  a  minimum  by  modi- 
fying environing  conditions.  The  loss  of  potential  is 
not  confined  to  nerve-conducting  structure,  but  extends 
to  the  reservoirs  of  energy  in  the  nerve-cells  and  to  the 
stored  potentials  in  the  blood  (§  162).  Consequently 
the  exercise  of  one  nerve  or  group  of  ner\'es  or  muscles 
cuts  off  the  supply  of  energy  of  all  by  depleting  the 
common  storehouse.  Heuce  the  general  cause  of  rest 
in  the  cerebro-spinal  system  during  sleep  is  the  loss  of 
potential   energy  in  the  blood,  and   from  this  central 
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cause  ensues  the  slowing  of  the  circulation  and  general 
decrease  of  functional  activity. 

During  sleep  the  blood  recuperates  by  gland-cell 
action  (§  215)  and  by  other  nutritive  processes;  energy 
is  stored  up  iu  the  nerve-cells;  and  the  conducting 
fibers  regain  their  potential. 

What  change  takes  place  in  the  nervous  system  when 
it  passes  from  a  conditiou  of  action  into  one  of  sleep? 
As  has  been  pointed  out,  the  first  step  from  rest  to 
action  that  takes  place  iu  the  nerve  is  polarization,  so 
the  first  step  towards  general  rest  or  sleep  is  depolariza- 
tion of  the  nervous  elements,  or  physiologic  units. 
Continued  depolarization  of  nerve  tissue  such  as  takes 
place  during  the  period  of  sleep  is  merely  an  e.xtension 
of  the  period  of  the  intermittent  depolarization  such  as 
takes  place  in  tlie  respiratory  and  circulatory  neuro- 
muscular apparatus.  In  fact  all  nerves  polarize"  and 
depolarize  while  performing  their  various  functions. 
The  cause  of  the  intermittent  action  of  the  respiratory 
and  circulatory  organs  continuing  during  sleep  is  the 
fact  of  the  continued  presence  of  exciting  influence; 
altbough  these  influences  are  lessened  by  the  lessening 
of  the  other  vital  processes. 

No  doubt  the  chemical  changes  that  take  place  dur- 
ing nerve  action  favor  depolarization ;  and  the  presence  of 
carbon  dioxide,  one  of  the  results  of  these  changes,  has 
been  assigned  as  the  cause  of  sleep;  but  this  is  only 
one  of  the  man}-  chemical  changes  in  the  metabolism  of 
vital  tissxie,  and  its  presence  interferes  w-ith  rather  than 
assists  recuperation.  The  fundamental  and  general 
condition  during  sleep  is  depolarization  of  conducting 
nerve-units,  and  this  is  favored  by  wear  and  tear  diiring 
physiologic  action ;  and  assisted  by  excluding  exciting 
causes  of  nerve  polarization. 
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When  during  sleep  individual  neurones  or  groups 
of  neurones  polarize  they  spin  out  vibrations  from  cen- 
tral storehouses  of  vibratile  energy,  and  the  sleeper 
dreams. 

Hypnosis 

289.  A  condition  which  to  some  extent  appears  sim- 
ilar to  sleep,  but  which  has  none  of  the  superficial 
signs  of  the  latter,  has  been  called  hypnosis.  The 
essential  elements  seem  to  be  a  fixity  of  attention  and 
obedience  to  stimuli.  A  hypnotized  person  is  in  a  pas- 
sive state,  and  under  the  influence  of  the  hypnotizer, 
and  believes  everything  that  the  hypnotizer  tells  or 
suggests  to  him.  This  is  different  from  sleep,  in  fact 
the  state  of  hypnosis  is  fundamentally  the  opposite  of 
sleep,  sleep  being  a  state  of  depolarization,  and  hypno- 
sis a  state  of  fixed  polarization^  at  least  of  part  of  the 
nervous  system  of  the  hypnotized  individual,  with  his 
nerve  vibrations  acting  in  sympathy  with  those  of  the 
hypnotizer.  Hypnosis  is  a  tetany  of  a  certain  nerve  or 
group  of  nerves,  and  the  polarizing  excitant  is  suggest- 
ive influence.  Further  the  suggestion  is  accompanied 
by  a  fixity  of  polarization  of  the  hypnotizer's  nerves  by 
an  intensity  of  psychic  force.  It  is  a  higher  potential 
taking  possession  of  a  lower,  but  the  two  potentials 
must  have  a  sympathetic  rate  of  vibration  as  in  trans- 
mission by  wireless  telegraphy. 


CHAPTER   XXV 

The  Human  Body  as  an  Electric  Conductor 

290.  The  relative  conductivity  of  the  human  bod}'  as 
a  whole  to  other  conductors  has  been  stated  (§  5).  We 
have  now  to  consider  the  relative  position  of  the  indi- 
vidual tissues  to  each  other  as  conductors.  It  has  been 
shown  that  a  saline  solution  stands  next  to  metals  in 
the  possession  of  this  property,  and  that  the  body  as  a 
whole  is  a  much  better  conductor  than  pure  water  when 
the  skin  is  sufficiently  moistened ;  but  is  not  so  good  as 
a  saline  solution. 

The  following  table  gives  the  quantities  of  water  in 
the  most  important  tissues : 


TABLE   OF    QUANTITY    OF    WATER 


Tissues 

Paris 

of  Water 

P 

er  rooo 

Bones 

130 

Tendons 

(Burdach) 

500 

Skin 

(Weinholt) 

575     ■ 

Liver 

rVon  Bebra) 

760     ■ 

Muscles 

(Von  Bebra) 

725 

Ligaments 

(Chevreal) 

768 

Blood 

(Becquerel  & 

Rodier) 

7S0 

Cerebral  gray  matter 

(Lassaig) 

850 

Cerebral  white  matter 

(Lassaig) 

730 

Spinal  gray  matter 

(Le  Herit) 

710 

Spinal  white  matter 

(Von  Bebra) 

650 

Nerve  matter 

(Rauke) 
446 

770 
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This  table  is  important  because  it  shows  that  the  tis- 
sues may  be  considered  as  imbedded  in  water,  or  in  a 
saline  solution,  as  saline  matter  is  always  present.  As 
saline  solutions  are  the  best  electric  conductors  of  all 
the  body  substances,  it  follows  that  the  greater  the 
percentage  of  water,  with  its  contained  salts,  in  the 
tissue  the  better  it  acts  as  a  conductor. 

As  the  electric  current  moves  in  the  line  of  least 
resistance,  a  knowledge  of  the  percentage  of  the  water  in 
individual  tissues  is  important  in  directing  the  electric 
applications.  The  current  in  passing  through  the  body 
takes  the  line  of  least  resistance;  but  resistance  is 
inversely  proportional  to  the  cross  sectional  area,  and 
directly  proportional  to  the  length.  The  direction  of 
the  current  therefore  is  a  compromise  result  of  these 
laws.  In  order  to  enlarge  the  cross  sectional  area  the 
current  will  spread;  to  decrease  the  length  the  current 
will  seek  the  nearest  route;  and  it  will  also  seek  to 
travel  through  the  tissues  having  the  least  electric 
resistance;  the  practical  result  being  a  compromise 
between  these  factors. 

291.  Although  the  tissues  of  the  body  are  fairly  good 
conductors,  they  are  many  millions  times  worse  con- 
ductors than  the  metals,  the  propertj''  of  conduction 
requiring  that  the  molecules  should  swing  not  onl^-  freely 
on  their  axis,  but  that  the  swing  and  the  intermolec- 
nlar  space  should  conform  in  dimensions,  and  that  the 
vibratile  rhythm  should  be  uniform.  The  molecules  of 
dry  air  no  doubt  swing  as  freely  as  those  of  copper,  but 
the  intermolecular  spaces  in  air  being  larger,  and  the 
rotary  movement  not  being  sufficient  to  reach  across, 
they  have  to  move  bodily  backward  and  forward  to  span 
the  interspace,  which  means  additional  work  and  there- 
fore resistance.     The  addition  of  an  alkali  to  water  gives 
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the  water  an  inci-eased  density,  a  step  towards  fixity  of 
the  molecules,  and  intensifies  the  property  of  conduc- 
tion. Molecules  of  air-elements  may  be  charged,  and 
move  forward  with  the  charge,  similarly  to  what  takes 
place  in  liquids. 

Another  consideration  is  uniformity  in  the  arrange- 
ment of  molecules,  which  must  be  deficient  in  liquids, 
and  more  particularly  in  semi-solids  and  in  the  multi- 
ple tissues  of  an  organic  body.  The  want  of  uniform- 
ity in  the  arrangement  of  molecules  in  tissues  accounts 
for  the  current  increasing  after  passing  through  the 


Fig.  123- 
Distribution  of  a  Current  in  b  Uniform  Medium. 


body  for  a  short  time.  The  passage  effects  molecular 
polarization  in  uniform  line,  thus  lessening  the  resist- 
ance. 

The  electrolytic  action  taking  place  in  the  tissues 
creates  a  chemical  potential  which  acts  against  the 
passing  current,  but  the  increase  of  current  after 
applying  it  for  a  short  time,  and  the  maintenance  of  its 
rate  afterwards,  shows  that  practically  speaking,  for  the 
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length  of  the  ordinary  seance,  this  need  not  be  taken 
into  account. 

292.  Density.  By  density  is  meant  the  quantity  of 
electricity  passing  through  a  given  cross-sectional  area 
at  any  moment.  Electricity  may  be  compared  to  a 
river  which  flows  through  a  narrow  passage,  spreading 
out  on  a  plain,  and  then  collecting  its  waters  to  flow 
through  another  narrow  at  the  opposite  side.  In  the 
spreading  of  its  water  on  the  plain  the  river  cuts  a 
channel  here,  and  leaves  an  island  there,  according 
to  the  resistance  made  to  its  force,  but  the  waters 
collect  at  the  strait  beyond  and  rush  on  with  increased 
speed. 

So  it  is  with  electricity :  It  passes  through  an  elec- 
trode, spreads  out  in  the  body  according  to  the  law  of 
resistances,  leaves  a  bone  untouched  as  water  leaves  an 
island,  and  concentrating  in  tissues  of  less  resistance 
tears  the  unstable  molecule  apart  by  electrolytic  ac- 
tion, and  carries  another  along  by  cataphoresis,  and 
condenses  at  the  opposite  electrode  as  does  the  stream 
at  the  narrow. 


PART  III 

ELECTRO-PATHOLOGY 


CHAPTER  XXVI 

ag3.  A  scientific  therapj-  demands  an  exact  knowl- 
edjjfc  of  the  fundamental  pathologic  conditions  which  it 
is  desired  to  normalize.  This  is  as  true  as  the  con- 
verse, that  the  action  and  character  of  the  therapcntk 
aj:rent  must  be  understood  in  its  di£[erential  reladonship 
to  ph\>siologic  and  pathologic  conditions.  In  this 
chapter  only  such  diseases  will  be  referred  to  vcose 
paihoK^jiies  can  be  cleared  up  by  approaching  thes 
frv>m  the  standpoint  of  the  fundamental  priacipies  IsSi 
vlown  in  this  work. 

Xeurasthexia 

The  k,il.*boIic  chauges  that  immec-itely  nesrl:  fr:ai 
tterxx*  ACiiv^n  must  necessarily  tike  plic«  ir  ibi  r.-ffi- 
ductittg  £bny..i  o:'  uervt  structure.  This  c'r.iTgi  > 
*KiUv>»;o;*.s  :c»  elect rv^*vsis,  ejic*-  utclscule  reir^  zi  if:- 
trvvyte.  l^ut  thetx?  is  this  d:5ereuce  be-r«T*tc  ijercr.iT- 
>:s  AUvi  uerv^  Jictiv^u:  lu  the  fc mer  th>e  Si'crnETCsnsi 
tcrcc  is  tVcr-  .lu  exterril  s..-urce.  TrhT-sc  ii  ittt  iias^ 
e,;ch  r-cli-cule  his  its  ctu  tvcertiil  -r  scrnrri.  snsriT 
Ttvt-UT^uc  ,-ulv  A  shcht  excttint  t:   sac  x  irss.     Tie 
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katabolism  which  occurs  during  polarization  or  nerve 
action  is  at  the  expense  of  the  molecular  potential  of 
the  conductor,  and  consists  of  oxygen,  hydrogen  and 
carbon  ions  dissociated  from  the  nerve  unit  or  molecule 
of  the  neuromere.  During  depolarization  ornerve  rest 
the  conducting  molecule  regains  its  potential  by  receiv- 
ing molecular  nutriment  from  the  surrounding  proto- 
plasm or  h\-dro-carbons,  probably  for  the  most  part  stored 
within  the  nerve  cell.  In  order  to  keep  up  the  ph^'sio- 
logic  supply  of  nuttition  the  storehouses  draw  on  the 
blood. 

It  will  be  seen  that  neurasthenia  ma^-  be  produced 
by  an  excessive  katabolism  or  breaking  down,  or  a 
deficient  anabolism  or  building  up,  and  both  of  these 
processes  may  involve  the  blood.  The  latter,  com- 
mencing in  the  blood,  extends  to  the  conducting 
fibrilla;  and  the  former,  commencing  in  the  conducting 
fibrilla,  extends  to  the  blood. 

Neurasthenia  is  a  loss  of  potential  on  the  part  of  the 
conducting  molecule  from  excessive  action  or  from  a 
deficiency  in  the  supply  of  nerve  uutrimeut;  which  may 
be  accompanied  by  the  accumulation  of  katabolites 
which  clog  physiologic  action.  Specifically,  the  nerve- 
molecule  by  a  loss  of  atoms — carbon,  hydrogen  and 
oxygen — is  reduced  in  size,  has  a  lessened  actual  nega- 
tive potential,  also  a  lessened  vibratory  resistance  owing 
to  decreased  dimensions,  has  lessened  intrinsic  and 
extrinsic  pressure,  and  loses  its  physiologic  equipoise; 
consequently  the  irritability  is  greater  although  its 
force  and  power  of  endurance  are  lessened.  The  irri- 
tability is  also  increased  by  a  concurrent  impairment 
of  insulation  of  neurone-terminals,  as  in  hysteria. 

Excess  of  uric  acid,  the  result  of  katabolic  metamor- 
phosis   accompanying    neurasthenic    conditions,    may 
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cause  gout,  which  may  be  thus  related  to  neurasthenia. 
Moreover  the  neurasthenic  changes  in  the  blood  may 
cause  degenerative  changes  in  the  heart,  blood  vessels, 
kidneys  and  other  viscera,  in  the  end  constituting  a 
general  breakdown. 

Hysteria 


294.  That  the  ultimate  nerve  fibril  is  an  elongated 
body  capable  of  polarization,  and  made  upof  neuromeres 
also  polarizable,  is  at  least  probable.  No  other  hypoth- 
esis can  explain  the  multitudinous  physiologic  and 
pathologic  phenomena  of  the  nervous  system  (§  170). 

It  has  been  pointed  out  that  each  molecule  is  an 
electrolyte  (§  160).  Moreover  the  neurone  is  a  larger 
electrolyte,  with  an  inherent  electrolytic  force  within 
the  potential  of  its  molecules.  Thus  there  are  the 
following  cousiderations  :  (i)  During  physiologic  ac- 
tion, each  molecule  having  poles,  the  neurone  must 
have  poles  as  in  a  magnet,  the  waste  ions  uniting  at  the 
poles  of  each  molecule  and  the  energy  diffusing  as 
heat;  (2)  an  increased  polarized  action  may  allow  the 
ions  to  unite  but  cause  polarization  of  the  freed  energy, 
the  neurone  becomiug  charged  similarly  to  an  induced 
electric  conductor;  (3)  during  tetanized  action  the  ions 
maj'  be  polarized  and  accumulate  at  the  poles  of  the 
neurone,  which  is  thus  constituted  an  electrolyte. 
Upon  these  principles  are  based  physiologic  and  patho- 
logic reflex  actions.  Thus  at  the  distal  terminal  of  a 
neurone  there  may  be  the  potential  of  a  magnet  (phys- 
iologic); or  a  potential  as  in  the  induced  electric  con- 
ductor, or  chemic  potentials  as  in  the  electrolyte 
(pathologic).  As  the  leading  off  point  of  the  neural 
wave  is  negative  the  distal  end  of  the  neurone  during 
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action  is  positive.  During  extreme  tetany  oxygen  may 
accumulate  at  the  proximate  end,  and  hydrogen  and 
carbon  at  the  distal,  by  direct  dissociation  from  the 
terminal  neuromeres.  During  an  abnormal  increased 
action  short  of  tetany  tlie  ions  may  unite  and  carbou 
dioxide  may  accumulate  by  induction  at  the  distal,  and 
water  at  the  proximate  end  of  the  neurone.  Still  less- 
ened but  abnormally  increased  action  the  terminals 
may  be  electrically  charged. 

In  normal  action  during  depolarization  all  increased 
potentials  neutralize  within  the  structure  of  the  neu- 
rone— transformed  into  heat.  Electric  or  chemic  po- 
tentials created  during  action  at  the  terminals  of 
adjoining  neurones  will  neutralize,  by  passing  through 
the  myelin  covering,  if  insulation  is  imperfect,  thus 
constituting  a  leakage.  Moreover,  continued  nerve 
action  favors  imperfect  insulation.  This  method  of 
neutralization  is  analogous  to  electric  rupture  or  leak- 
age- Leakage  at  one  center  disturbs  the  equilibrium 
more  or  less  of  the  whole  nervous  system. 

The  essential  morbid  entit}',  which  constitutes  the 
distinctive  pathologic  condition  giving  rise  to  the  mul- 
tiplicity of  symptoms  represented  as  hysteria,  must  of 
necessity  be  central  in  location.  No  gross  lesion  can 
be  detected,  but  a  hypothesis  can  be  advanced,  on  the 
basis  of  molecular  changes,  to  account  for  the  peculiar 
phenomena  characterizing  the  disease.  A  weakening 
of  some  part  of  the  nerve  structure,  eventuating  from 
acute  disease  or  hereditary  tendencies,  predisposes 
toward  hysteria.  No  lesion  of  the  conducting  part  of 
nerve  structure,  whether  it  be  physical  or  chemical, 
accounts  for  the  variety  of  symptoms.  There  may  be 
hj'perirritability,  but  that  is  more  often  an  effect  than 
a  cause,  and  even  when  pronounced  it  does  not  cousti- 
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tute  the  principal  manifestation.  On  the  other  hand, 
a  change  taking  place  in  the  molecular  arrangement  in 
the  insulating  part  of  the  nerve  structure,  thereby  less- 
ening its  functional  power,  and  allowing  an  escape  of 
nerve  force  in  an  abnormal  direction,  will  upset  the 
whole  systemic  equilibrium,  thus  explaining  the  di- 
verse character  of  the  symptoms. 

Whether  the  property  of  insulation  resides  in  the 
white  substance  of  Schwann,  or  in  the  myelin  coating 
of  cerebral  fibers,  or  in  the  neuroglia,  or  whether  it 
.pertains  to  the  axioplasm  or  neuroplasm  of  Walde^'er 
and  Koelliker,  has  not  been  decided  by  physiologic  or 
anatomic  research.  Neither  does  pathology  by  itself 
furnish  a  solution  of  the  problem.  A  fact  having  an 
important  bearing  on  the  subject  is  that,  with  the 
exception  of  the  neuroglia,  the  parts  of  the  nerve 
structure  mentioned  are  the  first  to  show  degenerative 
changes,  aud,  therefore,  the  first  to  be  functionally 
weakened  when  encroached  upon  by  dyscrasias  or 
hereditary  taints.  The  neuroglia  under  pathologic 
conditions  usually  proliferates,  thus  resembling  con- 
nective tissue,  bu-t,  unlike  the  latter,  it  is  of  epiblastic 
origin,  and  therefore  may  be  possessed  of  the  function 
of  the  connective  tissue,  combined  with  the  property  of 
insulation. 

The  study  of  degenerative  processes  in  nerve  struct- 
ure, when  there  is  a  complete  solution  of  the  continuity 
of  the  nerve  trunk,  when  the  nerve  is  encroached  upon 
by  disease  as  in  the  spinal  column,  or  when  there  are 
pathologic  changes  affecting  the  cerebral  cells,  show- 
that  the  initiatory  step  of  degeneration  is  taken,  not  in 
the  conducting  fibrillae,  but  in  their  immediate  sur- 
rounding investments— the  medullary  layer  or  proto- 
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plasmic    elements — which,   of    necessity,   must    have 
insulating  properties. 

A  study  of  dielectric  media  gives  a  clue  to  the  insu- 
lating properties  of  organic  tissue.     By  specific  induc- 
tive  capacity  is  meant  that  quality  possessed  by  media 
I  of  modifying  the  potential  between  two  charged  bodies, 
the  charges  on  the  bodies  remaining  the  same.     Thus 

I  with  air  as  unity  the  following  table  gives  the  dielectric 
constants  of  the  substances  named  : 


Substance 

Dielectric  constant 

Sulphur 

2.58 

Carbon  disulphide 

1.81 

Hydrogeu 

0.999674 

Carbon  dioxide 

I  .oooS 

I 

I 


If  there  is  a  given  charge  on  two  bodies  at  a  given  dis- 
tance apart,  and  sulphur  is  the  dielectric  medium,  there 
will  be  a  certain  difference  of  potential  between  the 
charged  bodies.  This  difference  of  potential  will  be 
increased  immensely  by  substituting  carbon  dioxide  or 
hydrogeu  as  the  dielectric  medium.  The  substitution 
is  equal  to  multiplying  the  charge  by  two  and  oue-half 

The  organic  substance  neuro-keratin  is  found  in  the 
brain  and  in  the  medullary  sheath  of  nerve  fibers.  It 
contains  a  large  proportion  of  sulphur  and  is  probably 
possessed  of  insulating  properties.  Sulphur  then  has 
very  great  specific  inductive  capacity,  and  is  one  of  the 
constituents  of  neuro-keratin,  a  substance  found  in  the 
medullary  sheath  of  nerves,  a  structure  placed  in  a 
relative  position  to  the  axis  cylinder  to  enable  it  to 
insulate  the  latter.  Moreover,  the  medullary  sheath  is 
the  first  part  of  nerve-structure  to  show  the  effects  of 
degenerative  processes.      The   terminals   of  neurones 
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may  be  considered  during  action  as  charged  bodies 
having  magnetic,  electric  or  cheruic  potentials,  divided 
by  insulating  or  dielectric  niedia,  and  it  is  probable 
that  the  dielectric  is  a  compound  in  which  sulphur  is 
held  loosely  and  in  large  proportion.  It  is  evident  that 
if  the  dielectric  structure  is  altered  by  degeneration  the 
difference  of  potential  between  the  charged  terminals 
will  be  modified.  We  know  that  the  amount  of  sul- 
phur in  the  urine  is  increased  in  dyspnoea,  that  is,  the 
accumulation  of  carbon  dioxide  in  the  circulation 
increases  the  elimination  of  sulphur.  We  know  also 
that  in  asphyxia  of  animals,  by  placing  them  in  a 
closed  cage  and  depriving  them  of  air,  convulsions  are 
produced.  Is  not  the  immediate  cause  of  these  convul- 
sions the  replacement  of  the  sulphur  in  the  neuro- 
keratin by  carbon  dioxide,  thereby  increasing  the 
potental  charge  of  nerve  terminals? 

It  is  possible  and  probable  that  what  takes  place  in 
certain  centers  duiing  excess  of  nerve  action  is  as  fol- 
lows: Carbon  dioxide  is  polarized  at  the  distal  ter- 
minal of  the  neurone,  or  the  dissociated  hj-drogen  and 
carbon  accumulate,  and  chemically  act  on  the  neuro- 
keratin and  displace  its  sulphur,  and  by  this  metabol- 
ism the  dielectric  specific  inductive  capacity  is  decreased, 
the  difference  of  potential  of  the  terminals  is  immensely 
raised,  and  even  electric  rupture  or  leakage  may  follow. 

In  Fig.  124  the  lines,  a  A,  represent  a  nerve  tract, 
showing  same  pathway  under  differential  potentials; 
the  first  part,  b,  indicates  normal  action,  the  poles  of  the 
neurone  having  similar  potentials  to  those  of  a  magnet ; 
c,  the  results  of  an  excessive  nerve  action  in  which  ions 
neutralize  at  the  poles  of  the  neuromeres  and  accumu- 
late by  induction  at  the  poles  of  the  neurone,  as  water 
at  the  negative  and  carbon  dioxide  at  the  positive,  the 
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condition  being  slightly  sedative  to  the  propagation  of 
nerve-force,  just  as  an  induction-coil  is  sedative  to  a 
primary  current ;  D,  polar  electric  potentials  by  induction 
from  ether  set  free  by  uniou  of  ions  of  waste,  and  as 
the  condition  is  sedative  to  nerve-action  the  projection 
fiber  is  shown  as  normal,  the  induced  positive  ether 
being  at  the  negative,  and  the  induced  negative  at  the 


oOc    SOc    oOc    oOc    oOc 

CO,  CO,  CO,  CO, 

HjO  HO  H,0  M,0 

Fig.  124. 

Diiferential  Polar  I'otentials  of  a  Neural  Pathway.     The  poteutials  iodicat- 

ed  as  C,  D  and  e,  are  secondary  to  the  primary  potential,  B. 

positive  pole  of  the  neurone ;  E,  oxygen  at  the  negative 
pole  and  carbon  and  hydrogen  at  the  positive  in  the 
position  in  which  they  are  dissociated  from  the  nerve- 
unit,  and  at  which  they  are  accumulative  under  intense 
action;  f.  the  same  as  E,  indicating  the  process  of  accu- 
mulation of  the  ions  at  the  poles  of  the  neurone,  whilst 
neutralizing  at  the  adjoining  poles  of  interpolar  neiiro- 
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meres  (§  160),  the  polar  condition  being  an  intense 
stimulus  to  an  already  stimulated  nerve;  G,  myelin  or 
neuroglia  in  the  position  of  an  insulator  between  the 
tefminals  of  neurones.  That  the  several  conditions 
are  possible  is  evidenced  by  electric  and  physiologic 
facts.  For  example  it  is  seen  that  carbon  dioxide 
passes  into  the  blood  during  gastric  activity,  and  that 
it  passes  outward  in  the  bile  through  hepatic  activity, 
and  there  is  no  doubt  but  that  polarization  of  glands  is 
the  main  factor  of  the  differentiation.  The  sensitive- 
ness of  ether  and  ions  to  polarization  is  shown  by  the 
action  of  electric  cells  and  by  electrolysis ;  whilst  there 
are  many  examples  of  ions  being  broken  off  at  polar 
terminals  of  circuits  and  carried  across  the  gap.  Each 
condition  obtains  as  a  result  of  a  specific  degree  of 
nerve  action,  and  the  relative  intensities  are  probably 
in  the  order  of  placement  indicated  in  the  figure  b,  rep- 
resenting normal  and  the  other  parts  more  or  less 
abnormal  activities. 

In  a  neurone  subject  to  constant  stimulation  with 
periodical  exacerbations,  carbon  dioxide  will  inductively 
accumulate  at  the  distal  pole  with  periodical  aggrega- 
tion of  the  ions,  hydrogen  and  carbon,  by  direct  disso- 
ciation from  the  terminal  neuromere.  These  elements 
being  impelled  against  the  insulating  wall,  the  bom- 
bardment must  impair  its  property  by  dissolving 
sulphur  from  the  neuro-keratin  upon  which  insulation 
depends.  During  normal  action  the  polar  ions  neu- 
tralize by  displacement  within  the  structure  of  the 
neurone  in  a  similar  manner  to  the  displacement- 
movement  occurring  in  a  Daniell  cell,  but  if  insulation 
is  impaired  the  ions  will  neutralize  by  reactions  be- 
tween those  of  the  positive  pole  of  one  neurone  and 
those  of  the  negative  poles  of  adjoining  neurones. 
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What  constitutes  a  fulgurating  center  is  not  only 
an  escape  of  nerve  force  irom  one  neurone  to  another, 
or  to  others,  but  an  actual  shower  of  ions  piercing  the 
insulating  barrier  and  neutralizing  ions  of  opposite 
quality  at  the  opposite  pole  of  a  neurone,  or  poles  of 
neurones,  in  juxtaposition.  The  neutralization  occur- 
ring at  one  center  causes  the  propagation  of  the  condi- 
tion to  other  centers  of  reflex  action.  Neutralization 
in  this  case  takes  place  between  neurones  as  it  does 
between  ueuromeres.  This  leads  to  the  conception  that 
the  insulator  is  a  bar  thrown  across  the  neural  path  to 
check  an  increasingly  accumulating  force  of  the  neural 
wave,  and  thus  equilibrate  nerve  action.  In  a  patho- 
logical condition,  however,  this  bar  may  dam  the  ions 
until  they  break  loose  in  a  flood.  Specifically  the  ions, 
hydrogen  and  carbon,  at  the  distal  pole  of  a  neurone 
pass  through  the  insulator  and  neutralize  the  ions  of 
oxygen  at  the  proximate  pole  of  the  extension-neurone; 
hence  the  positive  ions  of  the  extension-neurone  must 
react  on  the  insulation  and  negative  ions  of  proximate 
terminals  of  secondary  extension-neurones.  No  doubt 
the  points  of  insulation  at  nerve  terminals  are  centers 
of  differential  distribution  through  the  relative  intensi- 
ties of  action  and  sequential  areas  of  induction;  but  an 
impulse  differentiates  its  pathway,  in  obedience  to  the 
will,  from  a  selective  faculty  of  which  cerebral  terminal 
units,  delicately  differentiated  in  potential,  in  relative 
distances  asunder,  and  cousequently  in  responsive 
action,  are  the  receptive  seat. 

295.  The  afferent  and  efferent  nerve  fibers,  consti- 
tuting the  sensory  and  motor  pathways,  leading  to 
and  from  the  cortex,  converge  to  form  the  greater 
part  of  the  crura  cerebri,  and  a  large  proportion 
of  the  afferent  fibers    are    connected    with    the    basal 
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ganglia.  The  optic  tract,  passing  backward  toward 
the  occipital  lobe,  is  intimately  connected  with  these 
ganglia,  and  the  other  nerves  of  special  sense  are 
also  connected.  Therefore  this  region  of  the  brain 
is  the  great  crossroads  of  the  nervous  system,  and, 
notwithstanding  the  intense  anatomical  and  phj-s- 
iological  congestion,  each  fiber  and  cell  must  be  com- 
pletely insulated  from  their  proximate  fellows.  It  is 
in  this  region,  therefore,  that  a  slight  degeneration  of 
the  insulating  tissue  has  telling  eflfects;  and  it  is  in 
this  region  that  such  a  molecular  change  will  account 
for  the  peculiar  and  varied  symptoms  characterizing 
hysteria.  The  diagram  (Fig.  125)  illustrates  the  se- 
quential order  of  phenomenal  manifestations.  In  Fig. 
125,  the  neural  pole,  p,  represents  a  point  of  irritation  by 
trauma,  congestion  or  any  other  cause.  Although 
shown  as  peripheral,  the  lesion  may  be  central  in  loca- 
tion and  psychic  or  organic  in  character.  The  sensory 
nerve  connecting  the  point,  P,  with  the  optic  thalamus, 
A,  has  its  negative  pole  at  the  irritation-point,  P,  and  its 
positive  in  the  thalamus.  The  impulse  originating  at 
the  point  of  the  lesion,  P,  may  reach  the  thalamus  by 
an  extension  of  neurones  with  stations  in  the  nucleus 
of  the  column  of  Goll,  or  that  ofthe  column  of  Burdack. 
The  neurone,  or  nerve  pathway,  continues  more  or  less  in 
a  state  of  irritability,  being  polarized  and  passing  sensa- 
tions from  the  proximate  terminal,  P,  to  the  distal 
terminal,  A.  Therefore  ions,  hydrogen  and  carbon,  are 
dissociated  and  accumulate  at  the  thalamus  or  positive 
terminal,  which  under  normal  conditions  are  neutral- 
ized when  the  neurone  is  at  rest  by  the  negative  ions 
dissociated.  The  positive  ions,  and  carbon  dioxide 
polarized  by  induction,  attack  and  impair  the  insu- 
lating myelin,  and   thus  immensely  raise  the  value 
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of  polar  potentials.  The  excited  fiber,  p  a,  is  reflexly 
connected  with  the  cortex  by  the  extension  fiber,  a  b, 
and  the  latter  has  its  negative  pole  in  the  thalamus 
and  its  positive  in  the  cortex.     This  polar  arrangement 
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Diagram  lUastrating  Manifestations  of  Hysteria. 
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characterizes  all  afferent  neurones,  including  those  of 
special  sense,  terminating  in  the  optic  thalamus  and 
known  as  the  projection  system  of  fibers.  These  sen- 
sory fibers  are  numerous,  as  the  thalami  are  connected 
with  all  parts  of  the  cortical  area.  It  is  evident  that 
the  positive  force  at  the  central  terminal  of  the  excited 
neurone,  P  A,  when  raised  in  value  b}'  change  in  the 
insulation,  will  influence  or  even  control  all  approxi- 
mate negative  terminals,  which  means  control  of  the 
projection  system  of  fibers.  The  influence  will  be 
normal  or  physiologically  heightened  if  normal  insula- 
tiou  exists,  but  if  that  is  deficient,  neutralization  of  ions 
will  take  place  between  the  positive  terminal  of  the 
excited  fiber,  v  a,  and  adjoining  negative  terminals 
according  to  their  proximity  and  lack  of  insulation. 
The  ganglion,  A,  thus  becomes  a  fulgurating  center, 
and  the  condition  is  propagated  through  the  projection 
system  of  fibers. 

It  is  evident  that  the  cortical  centers  of  sensation, 
vision  and  the  higher  psychic  faculties,  indicated  in  the 
diagram,  D,  E,  and  C,  being  connected  with  the  optic 
thalamus  by  fibers  having  their  negative  poles  adjoin- 
ing the  positive  of  the  excited  neuromere,  p  a,  and 
having  their  negative  terminal  ions  more  or  less  neu- 
tralized by  the  positive  ions  of  the  latter,  will  become 
secondary  explosive  centers.  Again,  from  the  latter, 
other  centers  will  become  involved,  until  the  whole 
nervous  system  becomes  engaged  in  one  explosive  act. 
entirely  or  partially  controlled  by  the  primary  explo- 
sive center  in  the  optic  thalamus. 

It  is  clear  that  the  primary  explosive  force,  according 
to  ,its  intensity,  will  reinforce  or  annul  the  normal 
action  of  the  neurone  abnormally  influenced  by  it. 
Thus  the  sensory  fiber,  g  a,  is  reflexly  connected  with 
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the  cortex  by  the  projection  fiber,  A  b,  but  if  the  fiber, 
A  B,  is  entirely  under  the  primary  explosive  center, 
there  will  be  anesthesia  at  the  peripheral  point  G.  If 
the  projection  fiber,  A  b,  is  only  partially  under  the 
explosive  center,  just  sufficiently  to  polarize  the  fiber, 
■  such  action  will  be  a  reinforcement  of  a  sensation  from 
the  periphery,  G,  and  there  will  be  a  peripheral  hj'per- 
esthesia  at  the  point  indicated.  Analgesia,  uumbuess, 
neuralgia  and  tingling  at  the  peripheral  point,  G,  are 
explained  by  the  varying  influence  of  the  explosive 
center,  A,  over  the  projection  neurone,  a  b. 

When  the  cortical  sensor}'  centers,  R  and  b',  become 
^  explosive  they  are  followed  by  the  cortical  cell,  m, 
I  taking  on  explosive  action.  As  the  latter  controls  the 
motor  path,  d  h,  the  will  power  is  shut  off  and  there 
■exists  volitional  paralysis  of  the  muscle,  H,  if  the 
explosive  action  is  sufficient  to  effect  control.  Coinci- 
<lent  with  the  volitional  paralysis  there  exists  spasm, 
contracture,  or  a  cataleptic  condition,  sequences  of  the 
explosive  action.     Tremor  is   the  result    of  a   slight 

P  leakage  of  nerve  force. 
K  represents  a  cell  iu  the  anterior  horn  of  the  spinal 
cord;  the  arch,  indicated  by  g  k  h,  is  not  directly 
affected  by  the  abnormal  action,  and  the  tendon  reflex 
may  be  normal  or  increased  by  the  general  byperirrita- 
bilitj'.  The  optic  tract  as  it  extends  backward  gives  off 
some  fibers  which  terminate  in  the  optic  thalamus. 
The  projection  fiber,  A  to  E,  having  its  negative  pole  in 
the  ganglion,  will  be  dominated  by  the  primary  explo- 
sive center.  The  center  of  vision,  E,  becomes  a  sec- 
ondary seat  of  explosive  action;  consciousness  of  light 
vibrations  is  therefore  shut  off,  if  the  explosion  is 
intense.  If  onl}'  a  slight  normal  action  exists  the 
sight  function  will  be  heightened.     As  it  is  with  sight 
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SO  it  is  with  hearing,  taste,  and  smell ;  they  will  be 
stimulated  or  aiiuulled,  according  to  the  intensity  of 
the  leakage  acting  on  the  respective  centers  of  these 
functions. 

It  is  evident  that  the  various  periods  of  hj'steria,  as 
well  as  the  prodromes  and  the  individual  symptoms,  can 
be  accounted  for  by  a  variation  in  the  intensity  of  the 
vicarious  wave-currents  resulting  from  a  defective  insu- 
lation and  the  factors  that  govern  the  directions  of 
these  currents.  Proximity  to  the  primary  explosive 
center  will  direct  the  wave  towards  a  center,  but  if  the 
irritability  of  a  nerve  terminal  is  lessened  b}'  intense 
action,  the  direction  will  be  altered  to  one  of  a  higher 
excitability.  Moreover,  any  occurrence  that  attracts 
the  attention  of  the  patient  will  reinforce  the  vicarious 
current  and  invite  it  into  a  different  channel.  This  is 
the  explanation  of  the  symptoms  changing  under  sug- 
gestibility. The  suggestion  directs  the  mental  action 
toward  a  certain  point,  the  nerve  tract  toward  that 
point  becomes  polarized  and  the  extra  current  is  turned 
into  this  tract.  It  is  like  levelling  a  dyke  to  direct  a 
stream  of  water.  This  is  in  a  measure  similar  to  the 
case  of  a  soldier  wounded  in  battle,  when  the  eflfects 
may  be  delayed  until  his  attention  is  directed  to  the 
fact. 

During  the  period  of  unconsciousness  the  whole  cere- 
bral cortex  is  more  or  less  controlled  by  the  misdirected 
current,  which  is  more  or  less  interrupted,  and  conse- 
quently has  been  characterized  as  explosive.  Toward 
the  end  of  this  period  the  muscles,  having  exhausted 
their  power  of  contractility,  relax.  Successive  stages 
are  merely  manifestations  of  centers  which  have  main- 
tained their  vitality  to  a  greater  extent  than  those  more 
actively  involved  in  the  preceding  action.     Thus  the 
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symptoms  change,  other  neurones  become  prominent 
in  the  act,  the  manifold  manifestations  conforming  to 
their  varied  and  distinctive  functions,  until  all  are 
exhausted  and  there  remains  the  stigmata  of  the  iuter- 
H  paroxysmal  period.  The  latter  are  as  varied  in  char- 
acter and  intensity  as  the  functions  of  the  centers 
involved,  and  degrees  of  vicarious  action. 


Epilepsy 

296.  The  immediate  cause  of  epilepsy  is  an  explo- 
sion of  nerve  force.  The  nervous  system  is  made  up 
of  sensory  and  motor  conductors  with  centers  of  ex- 
change. When  the  centers  and  conductors  are  at  rest 
they  accumulate  through  nutritional  processes  a  molec- 
ular potential.  They  thus  maintain  their  normal 
irritability,  which  under  physiologic  conditions  is 
never  altogether  exhausted,  the  intervals  of  rest  and 


CORTEX 


.B 
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Fig.  126. 
O,  positive  termioal ; 


*,  negative. 


action  maintaining  an  equilibrium.  The  potential  is 
identical  in  quality  with  that  accumulated  in  the  elec- 
tric organ  of  a  fish  or  with  the  potential  of  molecules  of 
highly  organized  tissue  iu  general. 

In  Fig.  126,  A  represents  a  station  in  the  course  of  a 
motor  pathway.     The  line,  c  A,  represents  a  neurone 
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of  the  upper  segment ;  D  A,  a  neurone  of  the  lower  seg- 
ment ;  and  b  a,  a  commissural  fiber.  At  the  excited 
terminal,  B,  there  is  a  lesion  which  keeps  the  neurone, 
B  A,  in  a  constant  state  of  excitability.  The  irritability 
of  the  neurone,  b  a,  gives  a  positive  potential  to  its  dis- 
tal terminal,  a,  as  the  initiatory  terminal,  b,  becomes 
negative.  The  positive  potential  being  abnormally 
increased  is  sedative  to  the  neurone,  c  A.  The  seda- 
tive action  of  the  positive  pole  of  the  neurone,  n  A,  on 
the  adjoining  terminal  of  the  neurone,  C  A,  represents 
the  fundamental  principle  of  all  sedation.  It  is  the 
principle  of  likes  repelling  likes,  or  the  impenetrability 
of  induced  forces  to  like  forces.  The  repulsion  op- 
poses the  normal  polarization  of  c  A.  The  converse  of 
this  being  that  unlikes  attract,  which  is  the  principle 
of  stimulation,  and  which  aids  the  polarization  of  op- 
posing terminals,  and  is  the  underlying  principle  of 
all  nerve  stimulation.  The  neurone,  D  A,  may  be 
excited  by  the  nearone,  b  a,  when  the  latter  is  abnor- 
mally stimulated,  or  when  insulation  is  impaired, 
although  the  neurone,  c  a,  is  its  normal  source  of  ini- 
tiatory excitability.  The  neurone  represented  by  c  A 
continues  to  receive  its  full  measure  of  nutrition  and 
its  molecular  potential  is  built  up  to  the  highest 
possible  degrc";  the  energ}'  in  the  nutritional  store-  ! 
houses  of  the  neurone  is  also  increased.  All  of  this  H 
energy  is  dammed  up  by  the  irritability  of  b  a,  as  the 
positive  charge  of  the  latter  is  opposed  to  the  normal 
polarization  of  the  neurone,  c  a.  Moreover  when  the 
energy  in  the  neuroue,  c  a,  is  stored  to  such  an  extent 
that  it  begins  to  boil  over  (producing  the  prodromes), 
ions  are  dissociated  from  the  constituents  of  the  neu- 
rone to  such  an  extent  that  they  displace  the  sulphur 
in  the  neuro-keratin,  and  the  insulation  in  center,  a,  is 
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thus  impaired,  the  specific  induction  capacity  is  raised 
two  and  a  half  times  (§  295),  the  boiling  over  hecomes 
a  flood,  explosive  centers  successively  follow  each  other, 
and   the    nervous    system    becomes   engaged    in  one 
explosive  act.     Tliere  are  three  causal   factors  to  the 
explosion:     (i)  Storing  of  energy  in  the  neuroue,  C  A, 
and    its    nutritional    storehouses;     (2)    the    damming 
up   of  this  stored   energy  by   the   irritability  of  the 
neurone,  B  a;      (3)   the    increase    of  specific    inductive 
capacity  at  center,  A,  by  the  displacement  of  sulphur 
in   the  insulating  neuro-keratiu   by  ions  dissociated. 
The  character  of  the  centers  affected  will  determine  the 
character  of  the  epileptic  symptoms.     All  approximat- 
ing centers  and  their  connections  will  inductively  sym- 
pathize more  or  less.     The  cortex  center,  c^  becomes  a 
secondary  explosive  center,   successively    followed  by 
others.      Tlie  seat  of  consciousness  is   paralyzed  by 
vibrations  beyond  its  measure  of  appreciation  and  by 
inhibitory  polarization  (§  265).     The  various  muscles 
extraneous  stimuli  are  sent  into  spasmodic  action — 
:onic  or  clonic  according  to  their  functional  condition, 
the  strength  of  the  inducing  force,  and  the  appro.xima- 
tion  of  their  nerve-centers  to  the  seat  of  induction. 
When  exhaustion  takes  place  of  the  molecular  poten- 
tial of  the  organs  engaged  in  producing  the  phenom- 
ena, depolarization  ensues  and  the  patient  rests. 

Convulsions  differ  as  regards  the  centers  affected  and 
the  primary  cause.  High  temperature  in  a  child  favors 
dissociation  of  the  constituents  of  high  potential  mole- 
cules, and  the  insulating  neuro-keratiu  is  the  first  to 
suffer,  sulphur  being  elitniuated  by  destructive  meta- 
morphosis. The  katabolic  process  results  in  an  im- 
mense increase  in  specific  inductive  capacity  of  nerve 
terminals  with  consequent  explosive  action. 
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Tremor 


297.  Tremor  is  an  involuntary  muscular  contraction. 
It  may  be  divided  into  two  grand  classes:  (i)  A  mus- 
cular movement  of  a  violent  character,  with  more  or 
less  prolonged  intervals  of  relaxation,  and  epileptic  in 
type;  (2)  a  fine  muscular  movement,  the  true  tremor, 
with  no  distinct  period  of  relaxation.  The  two  varie- 
ties may  alternate  in  the  same  disease,  when  they  are 
indicative  of  some  cerebral  organic  lesion. 

The  true  tremor  may  be  confined  to  the  muscles 
when  voluntary  movements  are  taking  place,  and  is 
then  said  to  be  of  the  intention  type,  as  in  disseminated 
sclerosis;  or  the  tremor  may  be  continuous,  that  is, 
occurring  when  the  muscles  are  at  rest;  or  when  they 
are  making  a  voluntary  movement,  a  condition  gener- 
ally found  in  paralysis  agitans. 

Nothing  definitely  is  known  of  the  primary  pathologic 
condition  causing  tremor.  In  paralj'sis  agitans  and  mul- 
tiple sclerosis  the  connective  tissue  in  the  brain  or 
spinal  cord  seems  to  be  principally  at  fault.  We  have 
referred  to  the  equilibrium  existing  between  the  elastic 
tissue  of  nerve  or  muscular  structure,  on  the  one  hand, 
and  a  tendency  to  polarization  of  the  nerve  or  sarcous 
physiologic  elements,  termed  tonicity,  on  the  other.  A 
disturbance  of  this  equilibrium,  such  as  a  lessening  of 
the  elasticity  of  the  connective  tissuv*,  will  allow  a  par- 
tial and  intermittent  polarization  of  the  nerve  or  mus- 
cular elements,  which  will  constitute  a  tremulousness 
— a  disturbance  in  the  equipoise  of  physiologic  units. 
Or.  if  an  increased  growth  of  connective  tissue,  press- 
ing upon  and  interfering  with  the  insulating  structure 
separating  nerve  terminals,  allows  the  escape  of  nerve 
force  from  its  accustomed  path,  such  force  will  cause  a 
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muscular  tremor,  which  will  accord  in  character  with 
the  intensity  and  continuity  of  the  etiological  factor. 
The  functional  tremors  may  be  accounted  for  by  a 
slight  defect  in  the  insulation  of  nerve  centers  situated 
at  a  distant  point. 


In'juries  to  Nerves 

298.  Contusions,  laceration  or  puncture  will  cause 
neuritis  followed  by  degenerative  changes.  Hyperes- 
thesia and  anesthesia  will  occur  in  the  course  of  the 
nerve.  A  burning  pain  is  characteristic.  Herpetic 
eruptions  and  even  ulcerations  may  result.  Various 
trophic  changes  take  place  in  the  parts  to  which  the 
nerve  is  distributed.  The  changes  resulting  in  the 
nerve  itself  are  peculiar,  and  are  different  in  the  distal 
and  approximate  parts.  In  the  distal  or  peripheral  end 
of  a  divided  nerve  degeneration  of  the  fibers  commences 
immediately.  From  four  to  six  days  the  white  sub- 
stance of  Schwann  irregularly  segments,  undergoes 
granular  degeneration,  and  finally  disappears.  The 
axis  cylinder  follows  by  softening  and  degenerating. 
Coincident  with  these  changes  there  is  connective 
tissue  proliferation.  The  fact  of  degenerative  changes 
primarily  affecting  the  medullary  layer  is  important  as 
showing  that  insulation  suffers  before  conduction  is 
compromised.  These  changes  extend  throughout  the 
whole  course  of  the  peripheral  end  of  the  injured  nerve. 

In  the  central  or  proximal  end  of  a  nerve  there  are 
but  slight  changes  after  section.  A  bulbous  enlarge- 
ment is  found  at  the  terniiuatiou,  but  there  are  no 
degenerative  changes. 

Regeneration  takes  place,  according  to  the  accepted 
theory,  by  the  new  fibers  developing  from  the  nuclei  of 
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the  neurilemma,  the  repair  proceeding  frotn  the  per- 
iphery to  the  center. 

When  the  neurilemma  proliferates  it  produces 
fibrous  tissue,  and  it  is  improbable  that  under  normal 
conditions  it  has  the  property  of  producing  a  higher 
form  of  cell.  It  is  conceivable  that  with  specific  modi- 
fications of  pressure,  temperature  and  nutrition  the 
neurilemma  may  acquire  the  capacity  of  producing  a 
nerve-cell  or  unit,  but  there  is  no  evidence  of  such 
modifications.  There  are  at  hand  under  normal  blood- 
conditions  a  bountiful  supply  of  physiologic  units  in 
the  elements  of  the  cytoplasm  of  leucocytes,  or  perhaps 
as  uuit  bases  in  the  globulins,  which  are  capable  of 
being  planted  as  nerve-units.  When  the  normal  con- 
ditions of  nutrition  and  function  are  established  by 
connection  with  the  ganglionic  cell,  these  blood-elements 
may  be  transformed  from  conducting  elements  of  amoe- 
boid movements  to  elements  having  the  propert}'  of 
nerve-conductivity.  The  blood-elements  may  be  fixed 
in  their  individual'  stations  by  receiving  molecules  of 
nutritiou  from  the  ganglionic  cell.  The  nutrition  fur- 
nished will  pass  along  the  ueuroue  independently  of 
the  presence  of  nervous  conducting  elements,  and  fix 
the  elements  of  repair  at  the  distal  end  of  the  regener- 
ating neurone. 

Shock 


299.  When  an  energetic  stimulus  is  applied  to  the 
nervous  system,  it  may  be  conveyed  to  the  vital  centers 
with  such  force  as  to  depress  or  even  to  suspend  all 
function.  The  stimulus  may  be  transmitted  through 
the  emotional  centers,  or  through  the  peripheral  sensory 
nerves,  or  the  sympathetic  system.  The  degree  of 
shock  varies  with  the  severity  of  the  injury,  its  situa- 
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tion,  and  the  susceptibility  of  the  nervous  system  of 
the  individual.  Expectation  of  the  injury  will  add  to 
the  intensity  of  the  shock;  on  the  contrary,  if  the  mind 
is  keenly  engaged  otherwise,  as  in  battle,  the  tension 
will  shut  off  condiiction  from  the  injured  part,  and  the 
eflfects  of  the  shock  will  be  postponed. 

Shock  may  be  immediate  in  its  effects,  causing  reflex 
inhibition  of  the  heart ;  or  if  the  cause  is  prolonged 
suffering  or  injur}',  or  a  protracted  surgical  opera- 
tion, the  effect  may  be  more  gradual  in  its  onset. 
When  the  injury  or  operation  is  associated  with  loss  of 
blood  shock  may  follow,  the  patient  lying  unconscious 
with  feeble  respiration  and  pulse,  with  cold  extremities 
and  clammy  perspiration. 

The  post-mortem  evidences  show  that  the  nervous 
system  had  lost  control  over  the  vascular,  resulting  in 
the  engorgement  of  various  organs.  The  minute  path- 
ologic conditions  attending  shock  have  not  been  dem- 
onstrated. 

If  it  is  considered  that  the  molecule  of  the  conducting 
fiber  of  nerve  tissue  has  a  high  potential,  both  in  regard 
to  the  number  of  atoms  and  their  quality — in  the 
aggregate  they  are  electro-chemically  negative,  and 
consist  of  several  thousand  atoms — it  will  be  seen  that 
the  tension  is  great  within  the  molecule.  In  fact  the 
atomic  tension  is  so  great  that  the  various  vibrations  of 
light,  sound,  taste,  touch,  or  mental  stimuli  in  part 
decompose  the  molecule,  that  is,  nerve  action  produces 
waste.  It  is  conceivable  that  such  a  molecule  will  be 
more  or  less  shattered  or  disintegrated  by  a  violent 
stimulus;  being  modified  in  its  atomic  construction  and 
reduced  in  potential  b}'  an  abrupt  dissociation,  its  con- 
ducting properties  are  interfered  with.  Moreover,  the 
disintegrants  from  the  action  of  the  vibratory  blow  may 
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clog  physiologic  action,  until  eliminated,  and  this 
inhibition  may  be  the  cause  of  death.  What  takes 
place  b}'  shock  of  the  nerve  conductor  is  analogous  to 
the  results  of  electrolj'sis.  Even  when  the  shock  is 
slight  it  takes  some  time  for  the  molecule  to  regain  its  _ 
potential  and  its  properties  by  means  of  nutrition.  | 
The  action  of  shock  is  the  same  in  character  as  physio- 
logic action,  the  difference  is  in  the  intensity.  The 
following  definition  is  formulated:  Shock  is  a  shatter- 
ing^  by  a  vibratory  blow^  of  the  nerve  molecule  or  unit, 
and  partial  dissociation  of  its  atotns,  beyond  the  imme- 
diate recovery  of  its  equipoise. 


Diabetes 

300.  To  differentiate  the  factors  of  causality  and 
to  pathogenetically  classify  the  varieties  of  diabetes 
mellitus,  it  is  necessary  to  follow  the  course  of  sugar 
through  the  system  from  its  ingestion  to  its  elimina- 
tion; and  to  base  the  classification  upon  the  points  in 
its  course  where  a  departure  from  physiologic  action 
takes  place.     The  classification  is  as  follows : 

/.  Diabetes  depending  on  an  abnormal  quantity 
of  sugar  ingested. 

2.  Diabetes  depending  on  the  metabolism  of 
sugar  in  the  liver: 

{a)    On    pathological    changes    influencing    the 
conversion  of  glucose  into  glycogen. 

(^)    On   pathological   changes   influencing   the 
conversion  of  glycogen  into  glucose. 

J.  Diabetes  depending  on  the  metabolism  of  the 
normal  amouut  of  glucose  furnished  by  the  liver  to 
the  blood. 
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Although  the  carbohydrates  form  the  larger  part  of 
an  ordinary  diet,  obviously  an  excess  can  be  taken 
above  the  capacity  of  physiologic  consumption ;  and  as 
the  urinary  organs  are  the  pathway  of  elimination 
glycosuria  follows.  This  form  has  been  termed  ali- 
mentary glycosuria.  It  is  caused  by  excesses  of  eating 
and  drinking  combined  with  physical  inactivity.  It  is 
a  mild  form  of  the  disorder,  and  is  found  usually  in 
obese  subjects. 

If  the  glucose  in  the  portal  circulation  absorbed  from 
the  alimentary  canal  during  digestion,  is  not  converted 
into  glycogen  and  stored  in  the  liver,  diabetes  follows. 
Interference  with  the  glycogenic  function  of  the  liver 
may  be  caused  as  follows:  Puucture  of  the  floor  of 
fourth  ventricle,  division  of  the  vaso-motor  nerves  of 
the  liver,  or  removal  of  the  cervical  ganglia  of  the  sym- 
pathetic. These  evidently  by  interfering  with  the 
hepatic  circulation  allow  the  glucose  to  pass  through 
without  being  dehydrated.  The  pancreas  has  a  spe- 
cialized internal  secretion,  which  contains  a  glycolytic 
enzyme  according  to  Lepine.  It  is  probably  similar  to 
the  product  of  other  glands  (§  203)  in  that  it  is  a  modi- 
fication of  certain  blood  elements  which  have  been 
raised  in  potential  as  they  pass  through  the  gland.  It 
is  thus  capable  when  in  contact  with  glucose  of  dehy- 
drating the  latter  by  chemic  reaction,  thus  forming  gly- 
cogen molecules,  of  less  potential  and  less  solubility. 

The  blood  which  leaves  the  pancreas  passes  through 
the  splenic  and  superior  mesenteric  veins  into  the  vena 
portae  which  enters  the  liver  and  ramifies  through  its 
substance.  The  three  essential  factors  in  the  glyco- 
genic function  are:  The  dextrose  in  the  blood  of  the 
portal  system,  from  the  digestive  organs;  the  pan- 
creatic internal  secretion  from  the  blood  of  the  pancreatic 
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veins ;  and  the  liver.  The  latter  is  the  storehouse.  The 
anatomical  arrangement  is  seen  to  be  favorable  to  the 
physiologic  action.  The  blood  from  the  pancreas  is 
intimately  mixed  with  the  blood  from  the  digestive 
organs,  a  chemic  reaction  takes  place  between  them, 
and  glycogen  is  precipitated  and  deposited  in  the  liver. 
It  is  clear  that  a  disturbance  of  the  hepatic  and  perhaps 
of  the  pancreatic  circulation  as  that  produced  by  divid- 
ing the  sympathetic  will  allow  the  glucose  to  pass 
through  the  liver,  and  that  disease  of  the  pancreas  may 
affect  the  secretion  of  that  organ  so  that  it  is  incapable 
of  dehydratiug  the  glucose. 

The  stored  glycogen  in  the  liver  is  gradually  con- 
verted into  dextrose.  This  must  take  place  under 
direct  supervision  of  the  central  nervous  system  through 
the  trophic  nerves.  These  nerves,  terminating  in  con- 
'  tact  with  the  gland-cells,  produce  polarization  of  the 
hepatic  elements  with  the  production  of  ions  (§  203). 
Ions — hydrogen  and  oxygen — are  impressed  into  the 
molecules  of  glycogen,  and  the  resulting  glucose  is 
taken  up  by  the  blood.  In  health  this  process  goes  on 
graduall}'  and  constantl3%  and  the  production  of  sugar 
in  the  liver  is  equal  to  its  consumption  in  the  nerves 
and  muscles.  Clearly  a  superirritability  of  the  nerv- 
ous system  will  increase  the  production  of  sugar  as 
long  as  there  is  stored  glycogen,  and  the  equilibrium 
between  its  production  and  consumption  will  be  dis- 
turbed, with  conseqtient  intermittent  glycosuria.  The 
ions  produced  by  ner\'e  action  being  hj-drogen,  carbon, 
and  oxygen,  they  evidently  unite  to  form  carbon  diox- 
ide and  water.  Osmotic  division  takes  place  according 
to  the  polarity  of  the  gland,  and  electro-positive  ele- 
ments go  inward  with  the  circulation  and  electro-nega- 
tive outward  with  the  secretion.     Glucose — water  and 
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glycogen — are  found  in  the  blood  and  carbon  dioxide 
in  the  bile. 

The  liver  is  a  depot  for  stored  glycogen.  The  gly- 
cogen is  raised  in  potential  by  nerve  action,  and  the 
resulting  glucose  becomes  an  element  of  combustibility 
in  the  blood.  The  glycogen  is  electro-positive,  the 
glucose  is  potentially  greater  in  its  positive  quality. 
The  blood  as  it  passes  through  the  lung  increases  its 
free  (or  loosely  held)  oxygen^  which  is  electro-nega- 
tive. There  is  thus  stored  in  the  blood  all  the  elements 
of  combustion. 

Although  the  blood  contains  the  essential  elements 
of  combustion,  evidently  but  slight  chemical  action 
takes  place  within  the  arteries,  otherwise  the  arterial 
blood  would  lose  its  distinctive  color.  It  is  probable 
that  the  lessened  temperature  of  the  blood  as  it  passes 
through  the  lung  and  the  resistance  to  heat  radiation 
are  the  main  factors  that  prevent  chemical  reaction 
taking  place  between  oxygen  and  glucose  within  the 
arterial  circulation.  The  sugar  molecule  is  electro- 
positive; it  may,  however,  carry  within  its  induced 
field  free  oxygen,  and  consequently  withiu  the  radius 
of  the  glucose  molecule,  including  its  induced  field, 
there  exists  all  the  elements  of  combustion,  ready  to 
unite  under  proper  conditions,  and  set  free  energy. 
The  essential  conditions  are  found  under  the  increased 
temperature  of  muscles  and  nerves,  and  when  the  re- 
sistance is  lessened  by  nerve  and  muscle-action  as 
above  explained  (§  i6o).  The  glucose  molecule  has 
a  potential  equal  to  about  that  of  four  molecules  of 
oxygen,  and  this  represents  its  value  as  a  potential- 
carrier.  The  complete  combustion  calls  for  two  more 
molecules  of  oxygen,  which  are  supplied  by  potential- 
tenders. 
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After  a  period  of  activity  the  muscle  or  nerve-cell  is 
lowered  in  potential^  that  is,  there  have  been  dissoci- 
ated from  the  physiologic  unit  a  number  of  its  atoms. 
The  dissociation  lessens  the  tension  within  the  unit  and 
lessens  the  resistance  to  the  escape  of  energy  stored  in 
blood-elements  within  the  nerve  and  muscle-structures. 
The  increased  temperature  following  the  union  of  the 
ions  dissociated,  or  the  lessened  intrinsic  tension  of  the 
unit,  allows  combustion  of  the  glucose,  and  the  result- 
ing molecules  of  hydrogen  carbonate  are  impressed 
into  the  physiologic  units. 

Ph3'siologic  investigators  have  found  glycogen  stored 
in  the  muscles  and  in  different  cells.  In  this  case  the 
glycogen  may  be  converted  into  glucose  by  ions  pro- 
duced by  call-action,  as  in  the  liver,  then  converted  by 
the  oxygen  of  blood  to  carbon  dio.xide  and  water  or 
hydrogen  carbonate;  or  the  glycogen  maybe  directly 
converted  into  h_ydrogen  carbonate. 

It  is  clear  that  an  abnormally  low  muscular  or  ner\'C 
action  may  prevent  oxidation  of  the  glucose  of  the 
blood,  thus  causing  diabetes. 

Fibroid  Tumors  of  the  Uterus 
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301.  Fibroid  tumors  of  the  uterus  consist  of  con- 
nective and  unstriped  muscular  tissue.  They  are 
called  fibroma,  myoma,  or  fibromyoma,  according  to  the 
tissue  predominating.  They  grow  from  the  middle 
uterine  wall,  are  benign  in  character,  and  do  not  infil- 
trate surrounding  tissue  nor  infect  the  general  system. 
They  vary  in  consistence  from  the  firm,  hard  nodules 
of  fibroid  tissue  to  the  soft  myoma,  and  in  size  from 
a  nodule  in  the  uterine  wall  to  a  tumor  of  over  a  hun- 
dred pounds   weight.     They  are  usually  found  in  the 
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body,  rarely  in  the  cervix.  Fibroid  tumors  grow  in 
the  direction  of  least  resistance,  and  are  therefore  iatra- 
nmral,  submucous,  or  subperitoneal.  When  many 
matrices  permeate  the  uterine  wall,  so  as  to  produce  a 
symmetrically  enlarged  uterus,  they  are  called  inter- 
stitial. 

Fibroid  tumors  may  be  wholly  within  the  pelvic 
cavity  or  may  become  abdominal  in  situation.  They 
may  take  on  fatty,  cystic,  calcareous,  cancerous  or  other 
degenerative  processes.  They  may  become  inflamma- 
tory and  suppurate.  At  the  menopause  the  growth  of 
the  neoplasm  is  arrested  usuall}-,  but  the  physiologic 
change  may  be  delayed  beyond  the  normal  time  on 
account  of  the  tumor. 

An  important  electro-therapeutic  consideration  is  the 
nature  and  origin  of  the  cells  of  fibroid  tumors.  They 
spring  from  the  fibrous  and  muscular  elements  of  the 
uterus,  and  are  modifications  of  normal  cells  in 
development — a  modification  in  vital  and  functional 
potential — brought  about  by  the  altered  nutrition  of 
uteriue  structure,  and  altered  conditions  of  pressure 
whereby  normal  cells  retrograde  to  the  embryonic. 
There  is  no  need  of  supposing  a  pre-existing  matrix  of 
embryonic  cells  as  Cohnheim  advocated  in  his  hypoth- 
esis. There  is  plenty  of  evidence  of  retrogression,  pro- 
gression or  alteration  of  cell-character  in  the  animal 
and  vegetable  kingdoms  to  account  for  the  change  in 
the  cells.  The  normal  cells  acquire  the  property  of 
reproduction  by  a  series  of  changes  initiated  probably 
as  alterations  in  circulatory  pressure  and  ending  by 
modification  of  cell-nutrition.  Accompanying  the  ad- 
vent of  the  neoplasm  there  is  weakening  of  the  remain- 
ing normal  cells,  and  a  lessening  of  their  power  of 
resistance   to  the  encroachment  of  neoplastic  growth. 
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Nutrition  is  essential  to  the  functional  activity  of 
all  cells.  It  is  obvious  that  in  order  that  a  cell-mole- 
cule shall  gain  in  potential  energy  the  nutritional 
elements  must  be  qualitatively  the  same  in  potential  as 
the  cell.  It  has  been  sho^v^l  that  the  activity  of  most 
cells  is  accompanied  by  conversion  of  molecules  into 
ions.  This  rule  does  not  apply  to  all  cells  :  It  is  evi- 
dent that  a  cell  which  reproduces  itself  requires  differ- 
ent nutrition  from  a  cell  which  functionates  and  gives 
off  a  limited  number  of  its  constituent  elements  as 
waste.  This  leads  us  to  a  conception  of  a  classification 
of  cells  or  cell-units  on  the  basis  of  the  character  of 
their  nutrition.  The  classification  is  formulated  as 
follows : 

/.  Cells  or  units  that  are  surrounded  by  elements 
such  as  proteids.  hydro-carbons,  etc.,  which  by  com- 
bustion furnish  molecules  of  nutrition  which  are 
converted  by  the  functionating  cell  or  unit  into  ions. 
Specifically  the  molecules  of  nutrition  are  h3'drogen 
carbonate,  and  the  ions  hydrogen,  carbon,  and  oxy- 
gen. Such  cells  do  not  multiply  but  retain  a  stable 
base.  They  are  the  cell-molecules  of  muscles,  nerves, 
glands,  electric  organs,  most  nucleoli,  and  the  units 
of  the  cytoplasm. 

2.  Cells  that  are  placed  in  the  midst  of  ions  pro- 
duced by  other  cells,  are  built  up  to  a  high  negative 
potential,  are  shut  off  from  blood  elements,  and  are 
incapable  of  segmentation,  and  perform  no  function 
under  their  primary  environment.  The  ova  are  such 
cells, 

J.  Cells  that  are  acted  upon  by  ions,  and  bj'  sec- 
ondary ions  produced  by  reactions  between  the  pri- 
mary ions  and  the  lymph  elements,  and  which  have 
the  property  of  reproduction.     To  this  class  belong 
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the  spermatogenetic  cells,  and   probably  embrj^onic 
cells  and  cells  of  tumors. 

4.  Blood  units  whicli  pass  under  the  influence  of, 
and  are  built  up  b}-  ions  furnished  by,  other  units  or 
cells,  and  pass  again  into  the  the  circulation,  into  a 
secretion,  or  into  cytoplasm.  These  are  potential- 
carriers,  enzymes,  etc.,  of  the  secretions,  and  nuclear 
elements. 
The  classification  might  be  extended,  but  the  above 

is  sufficient  to  show  that  cells  being  histogeueticall}- 
related  may  be  transformed  from  one  class  to  another 
by  means  of  a  change  in  the  nutrition;  and  that  the 
transformation   may   be    physiologic  or  pathologic   in 
character.     Thus  ova  by  differentiation  of  environment, 
and    on    being    supplied   by   the    essential   associating 
molecules  of  polarization  and   nutritive  elements,  ac- 
quire reproductive  properties;  and  from  the  resulting 
segmenting  cells  permanent   cells  of  the  tissues  are 
planted.     Again  a  simple  permanent  cell  of  the  serous 
covering  of  the  ovary  is  converted  into  an  ovum.     The 
physiologic  processes  by  which  these  transformations 
are  accomplished  are  not  by  changing  the  fundamental 
character  of  the  cell,  but  by  a  change  or  changes  in  its 
environment  and  nutritional  elements.     Furthermore, 
this  rnle  holds  good  when  the  transformation  is  from  a 
state  which  is  physiologic  to  one  which  is  pathologic. 
The  anatomical  differentiation  as  seen  in  the  testicle 
is  a  type  of  the  essential  conditions  of  cells  that  have 
the  property  of  reproduction ;  and  the  osmosis  in  this 
structure  is  such  that  the  lympli   elements  are  acted 
upon  by  ions,  and  the  product  bathes  the  segmenting 
cells.     The  anatomical    arrangement    shows    that  os- 
mosis takes  place  from  the  lymph  spaces  to  the  tubuli 
seminiferi.     Spermatozoa  taken  directly  from  the  testis 
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are  quiescent.  This  is  evidently  owing  to  the  electro- 
negative character  of  the  secretion.  It  is  obvious  that 
circulatory  pressure  must  direct  osmosis  from  the 
lymph  spaces  toward  the  tubuli,  but  the  polar  differen- 
tiation of  the  endothelial  cells  bounding  the  lyuaph 
spaces  determines  the  quality  of  the  osmotic  flow. 

The  following  changes  are  submitted  as  factors  in 
the  etiology  of  the  growth  of  tumors:  (i)  Continued 
circulatory  modifications  which  weaken  sensitive  an- 
atomical elements  such  as  myelin  sheaths,  elastic 
fibers,  etc.  (2)  Retardation  or  blocking  of  lymphatic 
streams.  {3)  Changes  in  the  osmotic  flow  so  that  the 
conditions  approach  those  of  the  testicular  gland. 

It  is  evident  that  when  a  cell  multiplies  the  elements 
added  must  be  the  same  in  character  as  the  constituents 
of  the  cell  bod}',  /.  e.,  the  nutriment  of  the  cell  when 
dividing  must  contain  all  the  constituent  elements  of 
the  cell.  A  cell  may  be  built  up  by  the  ions,  hydro- 
gen, carbon  and  oxygen,  produced  by  the  action  of 
other  cells,  but  division  will  not  take  place.  The  ana- 
tomical structure  of  the  Graafian  vesicle  supports  this 
conception  in  the  case  of  the  ovum.  On  the  other 
hand,  it  is  evidenced  by  the  anatomical  arrangement  of 
the  testicle  that  these  ions  acting  on  lymph-salts  and 
other  lymph  constituents  will  furnish  the  necessary 
elements  for  cell  division.  Similar  conditions  may 
exist  during  embryonal  cell-segmentation,  although 
the  blastosphere  contains  all  the  essential  elements. 
Again  it  appears  that  in  the  repair  of  tissues,  such  as 
in  a  nerve  after  its  division,  the  foundation  of  a  cell 
may  be  laid  by  the  blood  elements — globulins  or  nucleo- 
proteids — and  subsequently  built  up  by  nutrition  from 
the  neurone-cell. 
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The  data  are  not  sufficient  for  positive  conclusions 
being  formed  on  these  questions,  nevertheless  the  fol- 
lowing formula;  are  postulated:  (i)  Ions  produced  by 
cell  action  will  raise  the  potential  of  another  cell  whose 
base  has  already  been  laid,  but  segmentation  will  not 
take  place;  (2)  the  ions  acting  on  lymph  elements  fur- 
nish the  essential  nutriment  for  cell-segmentation;  (3) 
the  blood  contains  an  element  which  constitutes  the 
foundation  of  certain  cells,  but  it  is  modified  by  nutri- 
tion after  it  is  fixed. 

302.  In  pelvic  structures  during  a  lengthened  period 
of  passive  congestion  there  must  be  weakening  of  the 
more  sensitive  elements.  The  Ij'niphatics  become 
clogged,  and  the  osmotic  flow  may  be  partially  changed. 
Under  these  conditions  osmosis  may  pass  from  the 
lymph  spaces  thruugh  fibrous  and  muscular  cells  to  the 
cavity  of  the  uterus,  tluis  causing  endometritis,  a 
sj-mptoni  more  or  less  pronounced  as  manifested  by 
serous  and  other  discharges  accompanying  uterine 
fibroids. 

The  part  of  nerve  tissue  that  is  first  affected  by  de- 
generation is  the  myelin  sheath,  thus  showing  a  rela- 
tive sensitiveness  to  degenerative  changes  on  the  part 
of  structures.  It  appears  that  the  elastic  fibers  of  mus- 
cular sheaths  are  highly  sensitive  to  circulatory  nutri- 
tive modifications.  The  weakening  of  the  elastic  fibers 
impairs  the  functional  activities  of  muscle-cells. 
Concurrently  changes  in  the  lymphatics  seem  to  occur, 
as  shown  by  the  lymph  spaces  of  Kelb,  and  the  tendency 
towards  the  formation  of  cysts.  These  changes  are 
significant  as  indicative  of  a  new  relationship  of  the 
lymph  to  adjoining  structures.  The  prominence  of  the 
lymph  spaces  maj-  point  to  a  change  in  the  direction  of 
osmosis.     In  muscular  structure  there  must  be  osmosis 
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from  the  blood  to  the  muscle  and  heuce  to  the  lymph 
spaces  or  veins,  and  the  character  of  the  elements  pass- 
ing towards  the  muscle  must  be  electro-positive,  such  as 
glucose  and  various  proteids  to  furnish  nutrition,  and 
electro-positive  salts  for  associating  molecules  of  polar- 
ization. This  accords  with  the  osmotic  travel  to  the 
nucleolus  of  nerve  cells  (§  177). 

It  is  evident  that  the  structure  of  the  patho- 
logic growth  is  similar  to  that  of  the  testicle  inas' 
much  as  the  ions  produced  h^-  cell-activit}-  act  on  lymph 
material,  the  product  reacting  on  other  cells,  furnishing 
nutriment  suitable  for  segmentation  and  reproduction. 
The  fundamental  changes  which  occur  in  the  trans- 
formation of  the  normal  cell  of  muscular  tissue  to  the 
pathological  cell  of  the  myoma  is  nutritional  in  charac- 
ter accomplished  by  changes  in  the  osmotic  flow.  Thf 
endothelial  cells  of  the  lymph  spaces  occupy  a  position 
analogous  to  the  endothelial  cells  in  the  testicle,  and 
the  muscle  and  connective  tissue  cells  are  acted  upon 
by  the  products  of  the  action  of  ions  on  lymph  elements, 
just  as  the  epithelial  cells  of  the  tubuli  seminiferi  are 
acted  upon.  Thus  the  normal  muscle  and  connective 
tissue  cell  acquire  new  properties,  segment  and  repro- 
d\ice,  and  l>ecome  abnormal  cells,  the  immediate  factor 
in  causality  of  change  being  an  alteration  in  the  nutri- 
ion  of  the  cell.  Specifically  the  essential  nutrition 
of  a  reproductive  cell  seems  to  be  furnished  by 
secondary  ions,  the  product  of  the  reaction  between 
primary  ions  and  l^-mph  salts;  although,  as  under  nor- 
mal conditions,  there  are  other  sources  from  which  the 
necessary  nutrition  for  reproduction  is  derived.  Just  as 
each  molecule  has  specific  potential  giving  it  a  distinc- 
tive phj'sical  character,  so  the  cell- molecule,  whether 
ph3^siologic  or  pathologic,  is  distincti\e  in  potential,  in 
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dimensions,  and  in  properties.  From  a  fixed  cell  such 
as  that  of  muscle  or  connective  tissue,  pathologically 
endowed  with  the  properties  of  reproduction,  it  is  but  a 
step  in  diflferentiation  to  the  cell  of  the  sarcoma  or  can- 
cer. A  wandering  pathologic  cell  may  be  planted, 
nourished  and  reproduced  wherever  primary  ions  are 
produced  in  proximation  to  lymph.  Thus  along  the 
route  of  the  lymphatics  cancer  cells  flourish.  The 
conception  here  presents  itself  that  the  endothelial  layer 
of  cells  of  the  lymphatics  may  have  an  important 
function  in  the  production  of  ions  which  physiologically 
modify  the  lymph. 
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General  Considerations 


303.  In  the  first  part  of  this  work  electricitv  (in  its 
broadest  sense)  is  defined  as  the  chemistry  of  ether. 
Ether  is  considered  as  the  simplest  form  of  matter,  and 
the  ether  molecular  state  as  the  zero  of  force  and  the 
standard  of  neutralization.  In  its  atomic  form  ether  is 
considered  as  representing  a  potential  which  manifests 
itself  as  electricity.  Moreover,  the  potentials  of  ether- 
atoms  or  units  are  conceived  as  the  common  basis  of 
electric,  chemic  and  physical  potentials.  It  must  be 
borne  in  mind  that  all  force  is  neutralized — in  equilib- 
rium— the  diflference  being  iu  the  distance  asunder  of 
the  potentials  (§  i).  Hence  a  potential  force  is  one 
capable  of  actively  changing  its  state  of  neutralization. 

In  physiology  the  differential  results  of  molecular 
interchange,  and  the  various  phenomena  of  organic 
matter  are  conceived  as  being  traceable  to  properties 
common  to  all  matter,  the  chief  of  which  is  the  potential 
of  the  molecule.  Furthermore  it  has  been  shown  by 
experimentations  of  physiologists,  and  it  might  be  pre- 
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dieted  without  experimentation,  that  electricity  is  stim- 
ulant or  sedative  to  physiologic  action.  Still  further, 
as  the  potentials  inherent  in  the  diflferential  ether-atoms 
are  the  fundamental  units  of  force,  it  follows  that  the 
action  of  drugs  must  have  with  electricity  common 
units.  This  allows  us  to  make  a  generalization  of  the 
action  of  medicinal  agents,  which  is  formulated  as 
follows:  The  action  of  medicines  depends  upon  iht 
inherent  properties  of  ether-units  ivithin  their  molecular 
construction  (§  //,  §  755)  which  are  neutralizable  by  t/u 
potentials  of  physiologic  units. 
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Positive  Electric  I*otenlial:  A  type  Negative     Electric    Potential:     A 

of  a  molecule  of  an   alkaloidal  'ypc    of  a   physiologic    uuit   or 

drug  (4  276,  \  277).  molecule  (S  155) ;  or  the  type  of 

an   electro-negative  drug-mole- 
cule. 

It  follows  that  the  potentials  of  drugs  differentiate 
quantitatively  and  qualitatively;  that  they  may  be 
divided  into  two  great  classes  qualitatively  termed  posi- 
tive and  negative ;  and  that  the  classification  of  the 
potentials  of  molecules  as  made  from  chemic  and  phys- 
ical manifestations  (§  27,  §  32)  may  be  applied  to  the 
potentials  of  drug  molecules,  and  to  the  reciprocal 
potentials  of  physiologic  units.  Thus  there  is  a  difTer- 
ential  potential  of  drugs,  and  a  differential  potential  of 
cells    or   cell-molecules,    which    by   reciprocal    action, 
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either  by  chemical  reaction,  physical  attraction  or 
repulsion,  molecular  induction,  or  vibratile  sympathy, 
produce  the  complex  resultants  known  as  medication. 

The  following  basis  for  a  classification  of  drugs  as 
they  act  on  the  functional  activity  of  tissues  or  modify 
vibratory  action  is  formulated : 

/.  Agents  which  are  stimulant,  sedative,  or  par- 
alysant  to  ner\'es  by  reinforcing,  retarding,  or  counter- 
acting the  action  of  the  electro-positive  blood-serum  on 
ner\-e  terminals.  As  types  of  these  may  be  men- 
tioned strychnia  and  ether;  digitalis  and  aconite; 
chloroform  and  chloral  hydrate,  as  they  diflFerentiate 
in  their  action,  according  to  the  quality  of  their 
molecular  potentials  and  vibratory  frequencies,  on 
pueumogastric  afferent  terminals  in  the  endocardium. 

2.  Agents  which  furnish  associating  molecules  of 
polarization  to  polarizing  tissues,  or  displace  or  inter- 
fere with  those  furnished  by  the  blood  or  plasma. 
Sfxlium  chloride  and  other  salts  having  a  specific 
action  on  the  function  of  tissue  belong  to  this  class; 
also  chloroform  and  ether,  whose  anesthetic  proper- 
ties can  ht  explained  by  their  interference  with  the 
specific  action  of  those  salts. 

3.  Ageats  which  increase  or  decrease  absorption  of 
oxygen  by  the  blood.  Strychnia  and  electricity 
notably  belong  to  the  first  element  of  this  class;  and 
chloroform  by  supplautiug  oxygen  in  the  induced 
fields  of  nutrient  molecules  belongs  to  the  second 
element  of  the  class. 

The  successful  electro-therapeutist  must  understand 
the  fundamental  principles  of  electro-physics.  He 
must  also  have  a  knowledge  of  electro-physiology, 
and  must  base  his  therapeutic  applications  of  electricity 
on  his  knowledge  of  the  pathology  of  diseased  tissue. 
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When  a  student  approaches  the  labyrinthine  web  of 
electro-therapeutic  facts,  and  so-called  fundamental 
principles,  he  may  well  despair  of  being  able  to  unravel 
it.  It  is  therefore  the  duty  of  him  who  undertakes  to 
teach  the  therapy  of  electricity,  to  reduce,  as  far  as  pos- 
sible, the  facts  and  the  principles  to  their  elements 
in  order  that  they  may  be  easily  comprehended  and 
remembered. 

The  differential  action  of  electricit}'-  on  the  tissues 
may  be  stated  as  follows:  Electricity  may  directly 
charge  the  molecule  and  carry  it  forward  with  the  cur- 
rent (§  237);  it  may  move  the  molecule  by  induction, 
as  in  cataphoresis  (§  59);  it  may  dissociate  and  induc- 
tively polarize  the  atoms  of  the  molecule  by  converting 
them  into  ions,  as  in  electrolysis  (§  53);  it  may  act  by 
vibratile  sympathy  on  the  potentials  of  the  molecule, 
or  directly  on  the  functional  vibrations  by  stimulating 
the  molecular  or  ph3'siologic  unit;  by  neuro-glandular 
stimulation  ions  may  be  produced  which,  by  altering 
the  pressure  within  an  organ  (§  159,  §  208,  §  230),  may 
change  the  product  of  metabolism  from  a  lower  to  a 
higher  potential,  or  change  the  unit  from  a  degenera- 
tive cell  to  a  healthy  organism  {§  159,  §  208,  §  230); 
as  an  external  stimulus  by  polarization  of  the  physio- 
logic molecule  it  may  produce  functional  activity  man- 
ifested as  conductivity  or  contractility,  or  it  may  alter 
the  course  of  osmosis  and  change  the  character  of  the 
nutrition  of  the  physiologic  unit,  thus  inhibiting  its 
properties  of  reproduction. 


CHAPTER  XXVIII 


Galvanic  Current 


_04.  The  action  of  electricity  on  healthy  or  diseased 
tissue  should  be  studied  first  from  the  results  of 
galvanic  applications;  knowing  the  physiologic  action 
and  therapeutic  uses  of  this  current,  it  will  be  easy  to 
understand  the  differential  actions  of  the  faradic  cur- 
rent and  of  static  electricity. 

I  The  distinctive  results  produced  by  galvanization 
are  due  to  the  continuous  character  of  the  current, 
which  gives  it  an  e/eciro/ytic  and  cataphoretic  action  not 

'  possessed,  to  any  great  degree,  by  the  other  forms  of 
electricity.  Owing  to  the  galvanic  current  being  con- 
tinuous it  can  be  measured  by  the  meter,  which  is 
essential  to  its  being  administered  with  accuracy. 
Scientifically-applied  currents  owe  to  the  galvanom- 
eter, more  than  to  any  other  instrument,  the  merit  of 
the  qualificatiou.  The  galvanic  current  can  be  ap- 
plied with  much  larger  amperage  thau  any  other  form 
of  electricity,  a  fact  due  to  the  absence  of  interruptions, 
and  in  using  large  dosage  abrupt  modifications  must  be 
avoided. 

I  The  difference  between  the  poles  of  the  galvanic  cur- 
rent is  much  more  prououuced  than  that  between  those 
of  the  faradic,  and  in  electro-therapj-  the  actions  xDf  the 
galvanic  poles  exhibit  such  a    marked   difference  as 

sometimes  to  show  entirely  opposite  results. 

4S9 
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The  positive  is  indicated  as  the  active  pole  in  acute 
stages  when  there  is  congestion,  inflammatory  effusion 
and  tenderness.  It  may  be  used  in  preparatory  work 
where  the  main  indication  is  the  use  of  the  negative, 
such  as  inflammatory  action  super^'ening  on  chronic 
uterine  enlargements  and  displacements.  On  bleeding 
surfaces  or  vascular  engorgements,  in  profuse  non- 
suppurating  mucous  discharges,  in  excessive  menstru- 
ation, in  local  nervous  hyper-excitability  it  is  decidedly 
indicated.  It  may  be  used  for  its  germicidal  action, 
especially  when  combined  with  metallic  electrolysis. 

The  nes;ative  pole,  by  its  diffusibility  (§  28,  §  33)  and 
by  its  electrolytic  alkaline  reaction,  softens  inflamma- 
tory exudation,  glandular  or  other  indurations,  even 
scar  tissue  being  relaxed.  It  is  destructive  to  hair, 
moles  or  growths  that  are  non-vascular.  By  its  in- 
creasing the  vascularity  of  the  part,  it  stimulates  local 
nutrition,  and  promotes  healing  of  ulcerations.  It  is 
useful  in  scanty  menstruation  or  where  the  menses  are 
absent;  and  in  atrophy  or  super-involutions  of  the 
uterus.  It  has  the  power  of  relaxing  mucous  canals,  a 
fact  worthy  of  general  recognition  in  the  treatment  of 
cervical  stenosis,  whether  or  not  accompanied  by  ute- 
rine flexion  or  a  uterus  fixed  by  inflammatory  adhesion. 
In  uterine  adhesions  its  dissolving  influence  will  pro- 
duce good  results.  Chronic  adhesions  or  indurations, 
from  various  causes,  in  joints,  muscles,  or  tendons,  will 
generally  improve  under  negative  electrolysis. 

The  symptom  of  pain,  without  taking  into  account 
the  pathological  condition  which  is  its  cause,  will  not 
determine  the  selection  of  the  polarity.  Pains  are 
sometimes  relieved  by  positive  and  sometimes  by  neg- 
ative applications,  and  the  indications  are  based  more 
upon   the   vascularity,   the  local   irritability,   and   the 
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acute  or  chronic  stage  of  the  disease,  than  upon  the 
presence  of  pain. 

In  making  general  and  external  applications  of  the 
galvanic  current,  the  positions  of  the  poles  are  of  equal 
importance  as  when  the  active  pole  is  applied  inter- 
nally. The  course  of  nerve  and  arterial  distribution 
indicates  the  position  of  the  electrode  in  such  cases. 
If  the  positive  electrode  is  placed  in  the  more  central 
and  the  negative  in  a  peripheral  position,  as  ou  one  of 
the  extremities,  the  processes  of  the  circulatory  ap- 
iparatus  and  the  cerebro-spinal  and  sympathetic  nervous 
system  will  be  stimulated  and  re-enforced;  an  ex- 
hausted brain  will  recuperate,  sleep  will  be  induced,  and 
mental  vigor  regained;  the  circulation  will  be  equal- 
ized and  congestion  lessened  ;  and  pains  depending  on 
the  disturbance  of  vaso-motor  equilibrium,  or  on  an 
unbalancing  of  the  cerebro-spinal  nervous  system  will 
be  relieved  by  the  sedative  tonic  action  of  the  positive 
pole. 

1305.  The  following  tabulation  showing  polar  differ- 
entiation will  assist  in  comprehending  this  important 
factor  in  galvanic  therapeutics: 


GALVANIC   POLAR   DIFFERENTL^TION 
Battery 


Posilive  pole^  + 
Anode 


hiterpolar 
space 


Negative  pole y  — 
Cathode 


Electrolysis 
Ckemic  Dissociation  Followed  by  Electric  Induction 

Anions.  Cations. 

.\cids.  Alkalies. 

Diffusion  of  positive  and  attrac-  DitTusiun  of  negative  and  aUrac- 
tion  of  negative  elements.  tion  of  positive  elements. 
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Blood  Electrification 
Polarization  of  Elements 

Small,  hard,  dark  clot.  Large,  soft,  yellowish  clot. 

Electrotonus 

Anelectrotonas.  Catelectrotonua. 

Sedative  when  potential  is  kin-  Stimulating  when  potential  is 

etic  (galvanic).  kinetic  (galvanic). 

Stimulating  when  potential  is  Sedative    when     potential     is 

static  (static  electricity  and  static  (static  electricity  and 

chemic  potentials).  chemic  potentials). 

Contraction  of  Muscle 

Requires  more  amperage  to  con-  Requires  less  amperage  to  con- 
tract on  closing.  tract  on  closing. 

Requires  less  amperage  to  con-  Requires  more  amperage  to  con- 
tract on  opening.  tract  on  opening. 

Cataphoretic  Action  on  Cells,  Etc. 

By  direct  electrification  of  mov-  Direct  electrification  does  not 

able  cells  strong  currents  affect  position  of  the  cell 

carry  them  toward  the  neg-  owing    to   cell    negativity 

ative  poles.  (§  6i,  §  353). 

By    induction    weak    currents  By  induction  the  cell  seeks  the 

carry  them  toward  the  pos-  positive  pole, 
itive  pole  (?  237.) 

I^roteids,    hydrocarbons,    etc.,  Cellular  negative  elements,  by 

by     induction,    seek     the  induction,    seek  the  posi- 

negative  pole.  tive  pole. 

Therapeutical  Considerations 

Oermicidal.  No  germicidal  effect. 

X>rying.  Moistening. 

Depleting.  Congesting. 

Contracting.  Dilating. 

Coagulating.  Liquefying. 

Hemostatic.  Increases  hemorrhage. 

Denutritive.  Promotes  local  nutrition. 

Lessens  oedema  and  inflamma-  Increases  local  vascularity, 
tion. 

Hardens.  Softens  and  absorl)S. 

Lessens  mucous  secretion.  Increases  mucous  secretion. 
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Hinders  dilation. 
Not  so  destrnctive. 
Lessens  lueustruation. 
Allays  byper-cxcitabilily. 
Indicated  in  acute  conditions. 
Relieves  pain  in  acute  or  hy- 
persemic  cases. 


Dilates  mucous  canals. 
Destroys  and  elitninHtes. 
Promotes  menstruation. 
Increases  irritability. 
Indicated  in  chronic  conditions. 
Relieves    pain    in    chronic   or 
ansetnic  cases. 


Inherent  Properties 


The  positive  curreul  possesses 
the  property  ofcouceutrat- 
iveness. 


The  negative  current  pos5e4«*s 
the  property  of  diflTusibil- 
ity  {i  167,  i  39). 


1] 


W 
MX 


The  above   table   shows   that   the  galvanic  current^^ 
covers  a  large  field.     It  can  be  made  to  serve  the  thera~j| 
peutic   purpose  of  many  drugs.     This  will  be  easil}^;^ 
understood  when  the  relation  of  drug  and  electric  po-<z>oo 
tentials  is  kept  in  view  (§  303),     Unlike  drugs,  how^ 
ever,  electricity  does  not  constitute  a  foreign  substanc* 
in  the  system,  but  is  nevertheless  a  reinforcement  oci»    fl 
physiologic  processes,  be  they  atomic,  molecular,  cellir:,*'  -C? 
lar,  glandular,  absorptive,  assimilative  or  eliminativ^  ^jve. 
The  action  of  electricity  when  properly  applied  is  t\iM- M^  ht 
bracing  up  of  the  muscular,  vaso-motor  and  cerebr»-:Mjt)- 
spinal  physiologic  action;  and  owing  to  its  relation  •"        to 
the  vital  forces,  and  to  its  general  diffused  action,  ttzT- 
danger  of  habit  as  iu  the  case  of  the  administration  • 
drugs  is  entirely  eliminated  from  consideration. 


CHAPTER   XXIX 


Faradic  Current 


06.  The  secondary  coil  of  a  faradic  apparatus  is 
bin  the  induction-field  of  an  electric  potential  exist- 
ing in  the  primary  or  galvanic  coiL  Like  every  other 
induced  electric,  magnetic,  or  molecular  field  this 
potential  records  the  interruptions,  variations,  gross 
or  delicate  modifications,  of  the  potential  that  induced 
it.  The  modification  of  the  primary  potential  may  be 
a  complete  interruption  or  return  to  zero,  or  it  may  be 
•vibrations  of  less  than  a  trilliontli  part  of  an  inch,  such 
as  constitute  ultra-violet  light,  each  and  every  one 
"being  faithfully  and  correctly  portrayed  throughout 
the  induced  electric  field. 

The  extreme  vibratile  sensitiveness  of  an  induced 
electric  or  niaguetic  field,  whether  the  primary  potential 
exists  as  electric  or  chemic  energy,  is  of  the  utmost 
importance  in  considering  vibratile  transmission  by 
nerve  tissue  §  22,  §  67). 
k  It  should  be  borne  in  mind  that  in  making  faradic 
applications  to  the  human  body,  that  the  portion  within 
the  circuit  constitutes  an  induced  electric  field,  and  that 
the  tissues  respond  to  the  various  modifications  of  the 
primary  potential  in  a  degree  which  accords  with  their 
vibratile  sensitiveness  and  the  concentration  of  the 
current.  The  vibratile  sensitiveness  of  tissues  de- 
pends upon  their  molecular  potential  and  their  relative 
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molecular  adjustment   (§269,  §  174,  §  353) — vibratory 
balance. 

The  faradic  current  has  comparatively  sligbt  polar 
differentiation.     However,  the  positive  pole  is  the  more 
sedative,  and  tlie  negative  the  more  stimulating,   the 
latter  being  sharper  and  having  more  effect  on  nerve 
and  muscle.     The  shorter  and  thicker  the  coil  the  more 
marked  the  polar  difference.     The  faradic  current  has 
small  electrolytic  power.     This  may  be  owing  to  ions 
not  appearing  at  the  electrode,  which  is  not  absolute 
proof  that  ions  are  not  produced.     If  it  is  considered 
that  each  molecule  is  an  electrolyte  and  that  when  it 
bends — polarizes — under  the  influence  of  the  current 
ions  may  be  dissociated,  which  the  immediate  depolar- 
ization prevents  reaching  the  electrodes,  it  is  clear  that 
the  electrolytic  power  of  the  faradic  current,  like  the 
galvanic,  is  to  be    measured    by  its   energy  and    the 
molecular  character  of  the  substance  of  the  electrolyte. 
The  cataphoretic  action  of  induced  currents  must  be 
extremely  slight,  each  interruption  bringing  baclf  to 
its  original   physical  position  a  substance  capable  of 
cataphoresis. 

The  electrotonic  effect  of  the  faradic  current  is  con- 
sidered comparatively  small  owing  to  the  interruptions, 
to  the  small  amperage,  and  to  the  absence  of  cataphor- 
etic results.  Nevertheless  the  influence  of  high-tension 
currents  with  high  vibratile  frequencies  have  a  remark- 
able power  over  nerve  tissue. 

The  character  of  a  faradic  current  is  modified  by 
three  important  factors: 

/.  The  length  of  the  secondary  coil  giving  cur- 
rent-pressure. 

2.  The  thickness  of  the  wire  giving  current-quan- 
tity. 
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^m             J.  The  vibratile  frequency  of  the  interrupter.               ^^H 

^m          The  conventional  terms  current  of  tension  and  current      ^^H 

^m       of  quantity  have  already  been  defined  (§  S5).                          ^^H 
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■       CURRENT  OF  QUANTITY 

CURRENT  OF  TENSION        ^H 

H                                Physical  Character                               ^^| 

^B         Short  thick  wire.  No.  18  or  33, 

Long  thin  wire,  No.  3J  or  ^6.                     ^^| 

^H          Few  turns  in  cnil. 

Mdny    turns    in    coil  — 15,000          ^^^H 

^^^H 

^H          Low  pressure— small  e.  m.  f. 

High  pressure— great  e.  m.  f.            ^^^H 

^H          Slight    resistance    and    slight 

Great  resistance  and  great  pow-         ^^^^| 

^H                 power  to  overcotne   resist- 

er  to  overcome  resistance.          ^^^^H 

^H 

^^^H 

Low  tetision. 

liiKh  tension.                                        ^^^^| 

Large  volume  or  amperage. 

Small  volume  or  amperage.               ^^^H 

Will  not  ^low  a  Geissler  tube. 

Requires  4,000  feet  of  No.  3i  or          ^^^H 

36  wire  to  create  sufficient          ^^^H 

tension  to  glow  tube.                   ^^^H 

^_           Burns  iron  and  steel. 

Will  not  burn  iron  or  steel,               ^^^H 

^B          Electroplates  in  a  superior  de- 

Electroplates.                                        ^^H 

^ft 

^^H 

B                                           EXTKRNAL 

Applications                            ^^H 

^H         Owing  to  cutaueoMS  resistance, 

With  a  constant  primary  e.mif.         ^^^H 

^H                currents  of  quantity  have 

the  effects  increase  with  the                ^^ 

^H                 slight  effects,  increasing  an 

length  of  coil  until  a  max-                 ^| 

^H^               tension  is  increased. 

imum    is    reached,    when                ^H 

they,  decrease  witli  a  far-         ^^^H 

ther  increase  of  length.                ^^^^| 

^^p^  Slight    action    on    muscles   or 

Maximum    power    to    contract           ^^^H 

^B^              sensory  nerves. 

muscular  tissue.                                ^^^^B 

^Hh                       Internal 

Applications                            ^^H 

^^^H            Monopolar 

or            Bipolar  Methods           ^^H 

^H          Effects      increase      with      the 

Effects  not  so   pronounced  as               ^H 

^H                 length  of  coil  until  a  maxi- 

from  the  current  of  quan-         ^^^H 

^^^                tnum     is     reached,     wbeu 

^^H 

^^^^H          they 

^^^H 

^^^^BPronounccd    effects    on    pelvic 

Sedative    to    internal    organs,          ^^^B 

^^^^^          organs ;    contracts    uterus, 

relieves    pelvic    pain    and           ^^^H 

^B                 recliitn  etc.,  even  to  a  pain- 

hyperesthetic  conditions.              ^^^B 

^H                  ful  degree. 

1 
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Indicated  in  post-partuin  hem- 
orrhage, is  superior  to  er- 
got; in  subinvolution  with- 
out tenderness;  in  relaxa* 
tion  uf  muscular  tissue 
without  inflammatory  con- 
ditions. 


Indicated  in  painful  or  sensi- 
tive conditious  when  cause] 
is  situated  in  pelvic  nerves ;j 
iu  post-operative  neuralgias 
where  the  primary  cause 
has  been  rcmovei].  In  pas- 
sive congestions  accompa- 
nied with  pain. 


General  Applic.a.tions 


Short  course  coils,  coarse  vibra- 
tions, give  a  current  hav- 
ing merely  muscular  ef- 
fects. 


Long  coil,  7,000  feet,  and  rapid 
smooth  vibrations  furnish 
a  current  pre-eininetitly  ai 
constitutional  tonic.  Can 
Iw  applied  to  the  point  of 
endurance  without  pain. 
In  neurasthenia,  uervous 
l>rcakdown,  itisomnia  and 
allied  nervous  ailments  this 
current  is  incomparable. 


308.   INTERRUPTION   FREQUENCIES 


Slow. 

From  a  single  impulse  upwards. 

Associated  with  current  of 
quantity  or  with  such  ten- 
sions ns  will  overcome  re- 
sistance. 

50  to  loo  produce  alternate 
muscular  contraction  and 
relaxation. 

Do  not  Ure  muscle. 

Stimulate  nutrition,  produce 
strength  and  endurance. 

3,000  to  3,000  vibrations  cm- 
ployed  to  break  up  adhe- 
sions and  disperse  exudates. 

Vigorous  electro-muscular  mas- 
sage. 

From    I    to   6,(W0  Upwardi  to  iS^ooo, 

Tibrations,  muscu-  musculnr  response 

Isr  ctfccts  chiefly  gives  wtiy  to  ner\'e 

experienced.  stimulation. 


Rapid. 


upwards  to  50,000. 

Associated  with  tension  suita- 
ble (or  physiologic  or  thera- 
peutic purjxjse. 

Above  aoo  or  300,  tetanic  con- 
traction. 

Fatigue  muscle. 
Exhaust  muscle. 

Very  rapid  \-ibrations  relierv 
pain,  are  sedative,  anti-con- 
gestive. 

Anti5[ia^mudic. 


From  iS.ooo 
wards,  muscular 
and  nerve  etrectc 
lost,  and  cutaneous 
anesthesia  cnttuea. 
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The  above  tabulation  is  sufficiently  elaborate  to  show 
that  there  are  three  important  factors  in  determining 
the  character  of  the  faradic  current:  (i)  Length  of  the 
coil,  pressure  or  e.  m.  f.;  (2)  thickness  of  the  wire,  or 
volume;  and  {3)  frequency  of  the  interruptions.  The 
operator  therefore  has  to  use  judgment  in  making  com- 
binations. A  modern  faradic  apparatus  should  give 
several  currents,  each  having  distinctive  physical, 
physiologic  and  therapeutic  effects,  produced  b}'  com- 
binations of  length  and  thickness  of  wire,  and  fre- 
quency of  vibrations. 

309.  When  the  interruptions  are  slow — up  to  100  a 
minute — the  muscles  have  an  interval  of  rest  between 
contractions  and  there  is  no  pain  nor  fatigue.  With  a 
rapidity  of  200  or  300  per  minute,  there  being  no  relaxa- 
tion, the  fatigue,  distress  or  even  pain  will  soon  become 
intolerable.  With  a  proper  regulation  of  the  current 
the  nutrition,  and  therefore  the  strength  and  endurance 
of  the  muscle  are  maintained. 

When  the  interruptions  are  frequeut — 10,000  to 
20,000 — and  with  a  dosage  not  sufficient  to  produce 
tetanic  contractions,  muscular  fatigue  aud  distress  will 
be  removed,  congestion  relieved,  aud  nutrition  stimu- 
lated. 

It  is  found  that  non-striated  muscles  do  not  contract 
under  the  current  from  a  thick,  short  coil,  slowly  inter- 
rupted.    On  the  other  hand  a  current  of  tensiou  with 
rapid  vibration  will  contract  involuntary  muscles,  caus- 
ling  intestinal  peristalsis,  constriction  of  small  blood 
[A^essels  and  other  physiologic  effects. 

In  uterine  adhesions,  when  the  galvanic  current  has 
^done  its  electrolytic  work,  and  when  there  is  an  entire 
absence  of  acute  inflammatory  action,  the  faradic  cur- 
rent of  decided  volume  and  with  interruptions  ranging 
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from  200  up  to  1,000  per  minute,  will  be  found  useful 
in  breaking  them  up.  A  current  of  high  tension  and 
very  rapid  vibration  can  be  employed  to  allay  the  dis- 
tress set  up  by  the  muscle  stimulation. 

High  tension  rapidly  interrupted  faradic  currents, 
running  in  a  perfectly  smooth  manner,  produce  re- 
markable effects  on  the  tissues,  probably  due  to  vibra- 
tile  molecular  effects.  They  soothe  and  stimulate  the 
functional  activity  of  the  nerves,  contract  the  arteries 
thus  regulating  the  circulation,  and  promoting  sleep 
and  rest.  The  effect  on  metabolism  is  thus  direct  and 
indirect.  These  currents  are  useful  in  assisting  the 
electrolytic  work  of  the  galvanic,  in  promoting  absorp- 
tion, in  allaying  irritation,  in  correcting  inflammatory 
tendencies,  and,  in  general,  preparing  the  patient's  con- 
dition for  the  next  galvanic  seance. 

A  surgical  operation  is  often  consented  to  because  of 
the  attending  sjMuptoms  of  pain  and  distress,  and  toe 

[frequently  these  symptoms  remain  after  the  operation 

Under  these  circumstances  the  induced  current  of  higl 
tention  is  a  valuable  au.xiliary  not  often  taken  advan — 
tage  of.     By  stimulating  the  lymphatics  it  will  pre 
mote  absorptions  of  residual  exudation ;  as  a  vaso-motoi 
constrictor  it  will  regulate  the  circulation ;   and  as 
nerve  sedative  it  alla3's  the    remaining    hyperirrita— 
bility.     It  is  anti-spasmodic  and  anti-congestive,  anc 
by  producing  local  anesthesia  it  allows  recuperative 
rest.     As  a  sleep  producer  its  general  application  is  nol 
excelled  by  an}'  other  agent. 

In  general  it  may  be  said  that  the  induced  currents  o: 
high  tension  always  assist  physiologic  action.     The>^ 
increase  the  strength  and  vitality,  and  the  desire  to 
work.     They  stimulate  the  appetite,  aid  the  digestiod 
and  promote  assimilation.     It  has  been  found  that  in 
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^B        rheumatism,  gout,  and  diabetes  they  increase  the  elim-      ^^| 

^H        ination  of  urea. 

« 

^B           The  negative   pole  of  th 

e  faradtc  battery  is  more          ^M 

^M        stimulating  than   the  positive,  and  it  is  the  break  or           ^ 

^K       depolarizing  current  that  is 

considered  in  designating          H 

^^^^  the  poles  or  direction  of  current  (§  S6).                                   ^^H 

^r     310.  THE  GALVANIC 

AND  FARADIC                   ^H 

^k                      CURRENTS 

COMPARED                          ^H 

^K             GALVANIC  CURRENT 

FARADIC  current             ^^M 

^^H                               Electro 

^^^ 

^         Great  polar  difTcrentiation. 

Slight  polar  differentiation.                   ^H 

^^^^^    Great  electrolytic  power  corre- 

Slight    mauifestatiou    at    elec-              ^B 

^^^^H          spending  to  energy-value. 

trndes,    but    electrolysis              ^B 

must    be   directly    propor-        ^^^B 

to  energy.                           ^^^^| 

^H           Powerfnl  cataphoretic  actiou. 

Slight,  if  any.  cataphor-                   ^^^B 

^^^^1 

^H           Deflects  galvanometer  oeedle. 

Cannot  ileflect  needle  Ijccanse of        ^^^B 

mechanical  impossibility.          ^^^^| 

^H            Pro<luces  spark. 

Produces  spark.                                   ^^^^| 

^H           Transfonnecl  into  heat. 

Transformed  into  heat.                    ^^^^| 

^M           Obeys  Ohm's  Law. 

Obeys  Ohm's  law.                           ^^^H 

H                                 Electro-physiology                             ^^H 

^H            Electrotonus  great. 

Electrotonus  in  a  less  degree.          ^^^H 

^H            Distinct  auelectrotonus  and  cat- 

Distinction  between   poles  not       ^^^B 

^^B                    electrotonus. 

so  great                                                  ^M 

^H            Skin  :    Burning. 

Skin  :    Stinging  and  pricking.              ^H 

^^K            Muscle:  Contraction  » Ik- ti  cur- 

Contraction,    beacause    each              ^B 

^^B                    rent  modified. 

make  and  break  is  a  modi-              ^B 

fication  of  current.                             ^B 

^m            Blood  vessela :    Contraction. 

Blood   vessels:     Contraction             ^B 

^^^H 

^B            Nerves:  Prickling,  tingling  and 

Same  as  galvanic.                              ^^^H 

^^B                      numbness 

^^^H 

^H             Blood  :    Coagulates, 

Coagulates  very  feebly.                      ^^^^| 

^H           Nutrition:     Powerful    effect 

Powerful  effect  chiefly  through             ^B 

^^^^^_            cbieQy   througb    nervous 

muscular  contraction.                ^^^H 

^^^^B 

^^^^^^^^^^^^^h 
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stimulates  and  al)sorV>s  througfi 
uervou»  and  muscular  ac- 
tion. 

Absorbs  bJ^6timulating  nerv« 
nnd  mustulBr  tissue. 

Has  less  influence. 


More  easily  applied  so  ««  to 
produce  muscular  contrac- 
tion. In  general  applica- 
tions innumerable  contrac- 
tions produced  by  passing 
electrode  over  surface. 
This  advantage  is  nut  so 
marked  in  local  applica- 
tions. 

Greater  mechanicid  effect  — 
electro-massage. 

Less  likely  to  produce  iiarrafal 
results.  Seances  can  be 
rejKated  oftener.  In  ap- 
plication lo  head,  spine, 
etc.,  galvanic  seance  can* 
not  W'  prolonged,  but  fara- 
dilution  can  be  prolonged 
and  repc<«tcd  with  benefit 
to  the  patient. 

All  electric  manifestations  are  based  on  the  potential- 
units  of  free  ether  atoms.  Galvanic,  faradic,  and  static 
electricity  are  modifications  of  the  same  force,  differing 
in  their  mode  of  production,  and  their  method  and 
medium  of  circulation.     In  their  physical,  physiologic 
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and  therapeutic  effects  the  difference  is  one  of  degree 
and  not  of  kind.  However,  in  the  complex  reciprocal 
reactions  that  take  place  between  organic  tissues  and 
the  various  currents,  in  their  numerous  methods  of 
administration,  the  difference  in  the  results  is  so  great 
as  to  amount  practically  to  a  difference  of  kind.  There 
is  but  one  division  of  electricity  that  is  based  on  a  dif- 
ference of  kind,  that  is  a  division  made  on  the  differen- 
tial fundamental  characters  of  the  positive  and  negative 
ether  atoms.  These  differential  properties  have  not 
been  fully  investigated,  but  that  the  positive  has  com- 
paratively a  greater  degree  of  concentrativeness,  and 
the  negative  a  comparativel}^  greater  degree  of  diffusi- 
bility,  experimentations  have  made  clear  (§  28,  §  33). 


CHAPTER  XXX 


'RANKLINIC   OR   STATIC   ELECTRICITV 


311.  By  static  electricity  is  meant  dissociated  ether 
atoms  in  equilibrium.  When  the  galvanic  or  faradic 
current  is  applied  to  the  body  the  iuterpolar  portion 
only  is  affected  by  the  application.  With  static  elec- 
tricity an  insulated  electric  lake  is  created  into  which 
the  patient  is  immersed,  causing  a  complete  general 
electrification.  This  electrification  maj'  consist  either 
of  positive  or  negative  ether  atoms,  the  opposite  elec- 
trification being  on  the  surrounding  proximate  con- 
ductors, earth,  walls,  gas  pipes,  electrodes,  etc.  Tlie 
patient  therefore  constitutes  one  large  electrode  positive 
or  negative  according  to  the  charge.  Although  the 
general  electrification  of  the  patient  is  static  in  form, 
it  becomes  dynamic  in  the  shape  of  sparks,  breezes, 
etc.,  which  have  all  the  properties  of  other  currents, 
being  capable  of  electrolysis  and  cataphoresis,  under 
favorable  conditions.  However,  the  franklinic  form  of 
electricity  is  not  used  directly  for  electrolytic  or  cata- 
phoretic  purposes,  but  for  its  action  on  the  various 
functions  of  the  body. 

When  the  patient  is  placed  on  the  platfonn  of  a 
static  apparatus  in  action  he  is  wholly  under  the  influ- 
ence of  the  electric  charge.  Ever>'  molecule,  cell,  fiber, 
organ,  or  tissue  is  influenced  by  the  attractions  and 

repulsions  of  the  static  electrification.     Owing  to  the 
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Jaw  of  attraction  and  repulsion  (§  4)  and  that  of  poteu- 

■  tial  surfaces  (§  8),  the  electricity  is  largely  on  the  sur- 
face of  the  body,  but  the  body-mass  of  the  patient 
constitutes  the  induced  magnetic  field  of  the  electric 
potential,  and  parts  that  are  not  charged  directly  are 
charged  inductivel3'^  (§  66).  Every  molecule  or  cell  in 
the  body  must  therefore  be  responsive,  and  each  varia- 
tion that  takes  place  in  the  electric  potential  must  be 
«iuly  recorded  throughout  the  body.  Every  part  of  the 
Ixxiy  must  be  more  or  less  in  a  condition  of   tension ; 

Kevery  exciting  influence,  even   to  a  ra}'  of  light,  that 
Baffects  the  electric  primary  potential  must  affect  every 

■  molecule  according  to  its  potential  and  vibratile  sensi- 
■tiveness. 

I      When  the  electric  potential — the  atomic  ether-mass 
B — is  lessened  by  the  withdrawal  of  part  of  it  by  means 
"of  a  spraj*  or  spark,  the  agitation  throughout  the  elec- 
trification must  be  complete,  not  ouly  as  regards  the 
-direct  electric  potential  but  as  regards  tht  induced  elec- 
tric  field.     A  partial   analogy   may  be  observed   by  a 
withdrawal  of  a  bucketful  of  water  from  a  tank      Each 
particle  of  water  in   the  tank   is  agitated.     The  funda- 
mental   principle    underlying  all    frauklinic   action   is 
molecular  or  physiologic  vibration  or  polarization,  and 
this  is  a  fundamental  principle  of  all  physiologic  action. 
_  It  follows   that  static  electric    applications   in    proper 
I  dosage  is  a  stimulant  tu  all  the  functions.     It  tends  to 
adjust  the  actions  of  the  circulator}-,  respiratory,  ner- 

Ivous,  secretory  and  excretory  apparatus,  and  its  mode 
of  action  is  b}'  polarizing  the  highly  responsive  mole- 
cules and  phj^siologic  units  engaged  in  the  various 
functions.  It  agitates  and  readjusts,  it  promotes  o.xidi- 
zation  and  eliminates,  and  by  clearing  the  field  of  the 
katabolites  it  allows  nutritive  elements  to  be  attracted 
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by  the  tissues,  and  renders  possible  a  healthy  metabolism 
and  a  normal  action. 

Although  the  evidence  of  electrolytic  action  is  not 
clearly  manifested  as  in  galvanic  current-application, 
yet  as  molecular  polarization  is  the  first  step  to  disinte- 
gration {§  42)  it  is  probable  that  the  atoms  of  high 
potential  molecules  are  in  part  dissociated  even  during 
simple  electrification.  When  sprays  or  sparks  are  ap- 
plied there  is  no  doubt  but  that  the  electrolytic  and 
cataphoretic  actions  are  great.  Metabolism  is  thus 
stimulated,  and  the  katabolites,  the  products  of  a  patho- 
logic nen'ous  system,  are  swept  into  the  eliminating 
pathways,  and  the  fields  cleared  for  healthy  tissue  meta- 
morphosis. Thus  in  neurasthenia,  gout,  rheumatism 
and  uric  acid  diathesis,  increased  elimination,  increased 
tissue-change  and  increased  absorption  of  oxygen,  ef- 
fected by  static  application,  excel  those  effected  by  any 
other  measure  of  treatment. 

In  hyperirritability  of  the  nervous  system  static  elec- 
tricity improves  anemic  and  hyperemic  conditions,  be- 
sides bringing  the  vibratory  properties  of  the  neurones 
into  more  uniform  action.  The  hyperirritability  is  often 
maintained  by  the  presence  of  katabolic  elements  ab- 
normal in  amount  and  kind.  When  these  are  elimin- 
inated  there  is  a  healthy  basis  for  physiologic  anabolism. 

Static  electricit)'  by  its  action  on  the  nervous  sys- 
tem produces  functional  activity  throughout  the  body. 
Each  neurone,  be  it  afferent  or  efferent,  specialized  or 
common,  is  excited  to  its  distinctive  physiologic  action. 
Seuiiation,  special  sensation,  motor  and  glandular  action 
are  thus  stimulated.  Through  its  action  on  the  sym- 
pathetic it  produces  important  vaso-motor  changes,  de- 
termining the  amount  of  blood  flow  to  the  various 
organs.     Secretion  and  excretion  are  modified  quanti- 
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sitively  and  qualitatively  by  the  respective  stimulation 
»f  vasomotor  nerves  and  the  cerebro-spinal  system. 

Locally  frauklinic  electricity  will  act  as  a  stimulating 
massage,  promoting  absorption,  dispersing  exudates, 
esseuiug  a*dema,  effusions,  and  thickening  of  joints. 
t  can  be  used  as  a  counter-irritant,  a  sedative  or  a 
Himulant,  relieving  pain  and  overcoming  paralysis. 

Static  machines  have  immense  electro-motive  force, 
(.  tf.,  immense  pressure.  The  potential  therefore  of  an 
ilectric  charge  is  immense,  and  there  is  a  large  and 
ntense  induced  electric  field  which  embraces  not  only 
■the  patient  but  surrounding  area.  The  molecules  in 
;he  atmosphere  in  the  neighborhood  of  the  machine  or 
>atient  are  polarized,  or  possessed  by  the  primary  po- 
)ential,  and  synchronous  with  each  spark  there  is  an 
Jigitative  response.  The  surrounding  area  bears  the 
same  relation  to  the  body-mass  of  the  patient  as  the 
area  occupied  by  the  secondary  coil  to  the  interior  of 
:he  primary,  or  to  the  interior  of  a  solenoid.  The  at- 
mospheric oscillaton,'  commotion  therefore  is  inductive 
in  character,  and  the  body  of  the  patient  is  in  the  most 
intense  part  of  the  induced  electric  field  (§  66). 

312.  Character  of  Franklinic  Currents.  In  the  dis- 
ruptive discharges  (§  95)  from  a  static  machine  in 
Vi'hich  the  positive  and  negative  atoms  of  ether  unite, 
there  is  not  that  continuity  of  flow  that  characterizes 
:he  galvanic  current.  It  is  interrupted  or  oscillatory, 
\  characteristic  which  depends  on  the  interrupted  in- 
duction of  the  apparatus,  and  on  the  fact  that  electricity 
iravels   through    air   by  means    of  charged    particles. 

hese  oscillating  aud  quivering  loaded  particles  cousti- 
ute  a  real  ray  of  energy  (§  124),  are  free  to  choose 
heir  path,  and  are  repelled  from  the  surface  of  the 
lectrodes  in  an  interrupted  manner.     Each  oscillatiun 
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and  interruption  must  be  propagated  throughout  the 
induced  electric  field.  The  frequencies  of  these  oscil- 
lations have  been  estimated  by  thousands  or  millions, 
and  are  capable  of  infinite  variation. 

313.  Methods  of  Application.  When  the  patient  is 
placed  on  an  insulated  platform  which  is  metallicly 
connected  with  one  of  the  prime  conductors,  general 
electrification  ensues.  This  charge  is  the  foundation 
step  of  all  methods  of  static  administration. 

General  electrification  constitutes  a  useful  method  of 
treatment.  No  doubt  the  particles  of  air  surrounding 
the  bod}'^  become  charged  and  radiate  toward  the  oppo- 
site electrification  or  pole.  This  takes  place  so  silently 
and  in  such  a  diffused  manner  that  no  manifestation 
takes  place  as  in  the  spark.  The  radiation  however 
produces  vibratory  effects  in  the  charge  and  in  the 
induced  electric  field. 

The  fundamental  action  therefore  of  static  electrifi- 
cation, whether  positive  or  negative,  is  molecular  polar- 
ization and  delicate  molecular  vibration.,  and  the  other 
methods — breeze  and  spark — are  onl}'  modifications  of 
these  in  intensity. 

The  difference  between  positive  and  negative  electri- 
fication is  not  well  defined  by  operators.  To  speak  of 
the  positive  as  a  high  potential  pole  and  of  the  nega- 
tive as  a  low  potential  pole  is  entirely  misleading,  and 
it  is  uufortuuate  that  the  terms,  positive  and  negative, 
have  been  applied  to  electrification.  If  any  pole  de. 
serves  to  be  characterized  as  positive,  as  regards  etiects, 
it  is  the  so-called  negative. 

When  under  the  influence  of  general  electrification 
the  patient  is  slightly  conscious  of  the  influence.  The 
feeling  is  agreeable  with  a  restful  composure.  There 
may  be  a  slight  diaphoretic  action,  but  the  result  is 
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refreshing  and  tonic.  In  neurasthenia,  convalescence 
from  exhausting  diseases,  insomnia,  nerve-fatigue  and 
different  cachexia?  simple  electrification  is  found  nsefuL 

Breeze.  B\'  this  is  meant  a  concentration  of  the 
radiations  by  means  of  an  electrode.  The  nomencla- 
ture used  is  misleading.  When  the  patient  is  positively 
electrified — connected  with  the  primary  positive  con- 
ductor— it  is  the  positive  ether  that  produces  the  effects 
whether  a  spark  or  a  breeze  is  the  method  used,  and  it 
ought  to  be  characterized  as  a  positive  applicalion.  In- 
stead of  this  it  is  termed  ^''negative  breeze"*^  or''^nega- 
dix^e  sparky  Also  when  the  patient  is  subjected  to 
negative  electrification  it  is  entirely  a  negative  applica- 
Jion^  and  the  terms  ^^ positive  breeze "  and  *^ positive 
jpark^''  are  not  applicable.  Moreover  a  spark  or  a 
breeze  is  neither  positive  nor  negative,  consisting  of 
lx)th,  the  illumination  in  the  spark  being  produced  by 
the  neutralization  of  the  positive  and  negative  ether 
atoms  and  the  subsequent  radiation.  As  union  of  posi- 
tive and  negative  ether  takes  place  in  the  spark  the 
opf>osite  electrification  cannot  affect  the  patient,  as  it  is 
neutralized  before  reaching  his  body.  The  breeze  only 
differs  from  the  spark  in  being  more  diffused  and  in  the 
production  of  heat  waves  instead  of  light. 

Positive  electrification  ivitli  breeze  radiations  is  stimu- 
lant and  even  irritating.  It  maj?  be  used  as  au  excitant 
to  local  nutrition,  or  as  a  counter-irritant  to  the  cuta- 
neous surface.  It  may  be  modified  in  strength  from  a 
gentle  current  to  a  strong  spray  mixed  with  sparks. 
The  strong  breeze  is  indicated  in  coldness  of  the  ex- 
tremities with  imperfect  circulation,  torpor  of  certain 
organs,  anesthesia,  and  myalgias,  etc. 

Negative  electrification  with  breeze  radiations  is  seda- 
tive,  allays  hyperirritability   and   relieves    congestive 
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headaches.  It  dries  profuse  discharges,  is  antiphlo- 
gistic, and  relieves  heat  and  itching.  It  is  indicated 
in  insomnia,  inducing  a  restful  sleep.  It  alleviates 
painful  conditions,  relieving  congestion  and  hastening 
resolution. 

When  the  positive  pole  of  the  galvanic  current  is 
applied  to  a  part  it  is  sedative,  drying,  and  acts  in  a 
remarkably  similar  manner  to  negative  electrification 
with  breeze  radiation — the  positive  breeze  of  some 
authors.  It  appears  therefore  that  positive  electricity 
entering  organic  tissue  as  in  the  galvanic  curfent  is 
comparatively  sedative,  but  on  leaving  as  in  the  frank- 
linic  breeze  it  is  stimulant;  on  the  other  hand  negative 
electricity  entering  an  organism  as  in  galvanization 
is  comparatively  stimulant,  but  on  leaving  as  in  the 
franklinic  breeze  it  is  sedative.  These  peculiar  tnani- 
festations  accord  with  the  physiologic  order  of  electro- 
muscular  contractions  (§  197). 

Catliode  closing  is  the  most  energetic  stimulant  to 
muscular  tissue  of  all  modifications  of  the  galvanic 
current.  Cathode  closing  is  uegative  electricit}'  enter- 
ing the  tissues  and  has  a  counterpart  in  positive  exit 
which  takes  place  with  the  so-called  negative  spray  or 
spark,  which  correctly  speaking  is  positive  electrifica- 
tion with  spray  or  spark  radiations. 

Cataphoretically  and  electrolytically  it  will  be  found 
that  positive  exit  has  all  the  qualities  and  properties 
of  negative  entrance,  and  that  water  without  chemic 
dissociation,  and  cations  are  carried  by  positive  elec- 
trification toward  the  exit  point. 

Authors  speak  of  positive  electrification  as  a  high 
potential  charge  and  of  negative  electrification  as  a  low 
potential  charge.  This  is  absolutely  incorrect  and  mis- 
leading.    The  charges  are  equal  in  potential,  and  when 
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union  takes  place  completely  neutralize  each  other. 
The  low  point  is  zero,  on  cither  side  of  which  is  a  po- 
tential absolutely  equal.  Each  of  the  ether  atoms  is  a 
positive  entity  quahtitativelj^  equal  in  properties  but 
differing  qualitatively.  Owing  to  this  difference  of 
quality  the  positive  entity  is  more  positive  in  action 
under  certain  conditions,  and  the  negative  entity  under 
other  conditions  is  more  positive  in  character. 

T/ie  relative  position  of  an  organ  in  the  electric  path 
is  of  equal  importance  to  the  qualit3'  of  the  current. 
In  the  measurement  of  currents  by  the  galvanometer 
it  is  found  that  there  is  an  equal  amount  in  all  parts  of 
the  circuit,  that  is,  the  sum  of  the  attractions  and 
repulsions  is  the  same  independently  of  the  quality  of 
the  current.  If  positive  ether  is  passing  a  given  point 
it  will  influence  the  needle  in  an  equal  degree  and  in 
the  same  direction  as  the  same  amount  of  negative 
ether  travelling  in  the  opposite  direction  (§  48).  It  fol- 
lows that  at  the  point  ol  exit,  as  in  a  spark  or  breeze, 
positive  electricit3'  is  stimulant,  whilst  at  the  other 
pans  of  the  surface  where  tlie  charge  enters  it  is  seda- 
tive. At  the  latter  points,  however,  the  electric  move- 
ments are  so  diffused  as  not  to  be  appreciable. 

In  negative  electrification  the  opposite  results  are 
obtained  because  the  direction  of  the  uet^ati\e  ether 
movement  is  similar  to  the  direction  of  the  movement 
under  positive  electrification. 

314.  Sparks.  Spark  radiations  differ  from  the  breeze 
in  being  more  concentrated.  The  patient  may  be  elec- 
trified positively  or  negatively  as  before.  Thus  there 
are  positive  electrification  with  spark  radiations^  and  neg- 
ative electrification  with  spark  radiations.  Sparks  being 
more  intense  than  the  breeze,  the  disruption  sets  up  a 
more   extensive  and  intensive   oscillatory  agitation  in 
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the  electrification  and  in  the  induced  electric  field. 
Sparks  are  more  stimulating  tlian  the  breeze,  and  vary 
in  relative  intensity  according  to  the  difference  of  poten- 
tial and  resistance  (§  96).  The  spark  is  more  energetic 
than  any  other  form  of  franklinic  discharge.  It  pro- 
duces strong  muscular  contractions  and  exerts  extensive 
influence  over  metabolism  In  anesthesias  and  my- 
algias it  excels  as  a  stimulant.  Locally  it  excites 
paralyzed  muscles,  softens  indurations,  stimulates  ab- 
sorption of  exudates  and  breaks  up  adhesions.  It 
usually  prevails  over  rheumatism,  gout,  malaria,  sci- 
atica and  neuralgia.  To  administer  the  spark  requires 
skill,  and  the  patient's  confidence  should  be  gained  be- 
fore apph'ing  it  energeticalU'. 

Roller  Applications — Massage.  The  intensity  of  this 
method  depends  on  the  distance  between  the  two  slid- 
ing poles.  On  starting,  the  poles  should  be  compara- 
tively near  each  other  and  afterwards  graduallj*  drawn 
apart,  thus  increasing  the  electrode-current. 

The  roller  electrode  may  be  connected  with  either 
pole  and  the  platform  with  the  other;  the  selection  of 
the  poles  being  made  as  in  the  case  of  the  static  breeze. 
The  roller  electrode  may  be  used  with  the  Ley  den  jar 
current. 

Poicntial-Allctnalion.  To  Monell  is  due  the  intro- 
duction of  this  method.  The  patient  being  charged  in 
the  usual  manner,  the  potential  is  suddenly  reduced  to 
zero  by  the  approximation  of  an  interrupter  to  the 
conducting  rod.  A  succession  of  alternations  between 
high  potential  and  zero  as  rapidly  or  slowly  as  desired 
can  be  maintained.  There  is  no  doubt  but  this  is  an 
effective  method  of  stimulating  tissue  metamorphosis 
and  aiding  nutrition. 
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Leyden  Jar  Currents 

315.  Leyden  jars  are  employed  for  the  purpose  of 
re-enforcing  the  action  of  static  machines,  and  they  are 
valuable  in  this  respect  when  owing  to  a  humid  atmos- 
phere the  high  electro-motive  force  of  the  machine 
cannot  be  maintained. 

Franklinic  Induced  Current.  When  a  pair  of  jars 
are  connected  with  the  prime  conductors  of  a  static 
machine  and  the  outer  coatings  connected  by*a  pair  of 
conducting  cords,  the  inner  and  outer  coatings  of  the 
jar  will  bear  the  same  relationship  to  each  other  as  the 
primary  and  secondary  coils  of  a  faradic  apparatus. 
The  current  furnished  by  this  method  is  called  the 
static  induced  current.  It  is  quantitatively  regulated 
by  the  specific  inductive  capacity  of  the  jar,  by  their 
size  and  by  the  pressure — electro-motive  force  of  the 
static  machine.  It  is  qualitatively  modified  by  the 
interruption — frequency — which  depends  upon  the  rate 
of  revolution.  The  static  induction  currents  correspond 
in  quality  to  high  frequency  and  high  tension  faradic 
currents,  but  can  be  made  to  excel  the  latter  both  in 
tension  and  frequency  of  interruption. 

The  claim  has  been  made  that  the  Leyden  jar  in- 
ductive currents  have  superior  power  in  relieving  pain 
and  contracting  muscles,  owing  to  their  intense  oscilla- 
tor}' character. 

The  following  is  a  summary  of  the  medical  results 
attained  in  1881  by  Dr.  Wm.  Morton,  to  whom  just 
credit  is  given  for  priority  in  production  and  use  of  the 
franklinic  induced  current :  * 


•Report  ol  Special  CotnmiUee,  appointed  at  the  Tenth  Annual  Meeting 
of  the  American  Klectro-Therapeutic  Association,  September  27,  1900. 
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*'/.  By  means  of  the  spark-gap  at  the  discharging 
rod  the  perceptible  effect  may  be  regulated  to  a 
nicety,  from  an  almost  imperceptible  tingle  up  to 
extreme  and  rigid  flexion  of  the  arms. 

"2.  The  effect  is  soft  and  agreeable  and  accom- 
panied by  no  shock,  while  the  inner  coating  of  the 
jars  gives  a  series  of  discharges  which,  even  when 
slight,  are  too  painful  to  be  borne. 

"j.  Capable  of  causing  physiological  tetanus, 
while  a  connection  between  the  inner  coatings  of  the 
jars  in  silent  current  forms  produces  no  muscular 
contractions  or  sensations  of  any  kind. 

"^.  When  compared  with  the  galvano-  or  magneto- 
induced  current  produces  more  efficient  contrac- 
tions and  gives  less  pain  to  the  patient,  where  pain 
would  be  produced  by  any  of  the  three. 

*'5.  Renders  a  static  machine  capable  of  producing 
all  the  effects  of  faradism,  doing  all  the  work  of  the 
best  faradic  machines,  in  addition  to  the  ordinary 
static  effects.  In  its  general  characteristics  this 
current  cannot  be  distinguished  from  the  ordinary 
faradic  current. " 


CHAPTER  XXXI 

The  Sinusoidal  Alternating  Magneto- 
Electric  Current 

316.  It  is  claimed  that  this  current  produces  physio- 
logic effects  characterized  by  painlessness,  and  compara- 
tively great  penetrating  power.  D'Arsonval  showed 
that  the  sensory  and  motor  effects  were  in  direct  pro- 
portion to  the  variation  of  potential  at  the  point  excited. 
Kellogg  described  the  effects  produced  by  a  sinusoidal 
current  from  an  apparatus  designed  by  himself  as  fol- 
lows:* 

"When  rotated  slowly  and  connected  with  sponge 
electrodes,  held  one  in  each  hand,  vigorous  contrac- 
tions are  produced  in  each  arm,  and  in  alternation, 
nearly  all  the  muscles  of  the  arm  seeming  to  partici- 
pate in  the  contractions.  When  one  electrode  is  placed 
in  contact  with  the  feet  and  the  other  held  between  the 
two  hands,  the  muscles  of  both  extremities  are  made 
to  contract  vigorously.  The  contraction  is  spasmodic 
rather  than  tetanic  in  character.  By  proper  adjust- 
ment of  the  current,  strong  muscular  contractions  may 
be  induced  without  the  slightest  sensation  in  the  skin, 
and  without  any  painful  sensation  whatever.  With 
one  electrode  placed  in  the  rectum  or  the  vagina,  and 
the  other  upon  the  abdomen,  strong  contractions  of  the 

*  International  System  of  Electro-Therapeutics. 
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abdoraitial  muscles,  and  even  of  the  muscles  of  the 
upper  thigh,  may  be  produced  without  an}'  sensation 
other  than  that  of  motion.  T  have  frequently  seen 
patients,  while  taking  this  current,  shaking  so  \ngor- 
ously  under  its  influence  that  the  office  table  was  made 
to  tremble  quite  violenily  with  the  movement. 

"  With  rapid  rotation  of  the  machine,  the  current 
obtained  is  capable  of  producing  strong  tetanic  contrac- 
tions similar  to  those  of  the  faradic  machine.  The 
only  skin  sensation  produced  by  an  application,  suffi- 
ciently strong  to  induce  tetanic  contractions,  is  a  slight 
prickling,  very  much  less  intense  than  that  produced 
by  a  faradic  current  capable  of  exciting  equally  strong 
motor  effects. 

*'The  sensor}'  effects  produced  by  the  current  are 
exceedingly  interesting.  As  has  already  been  stated, 
applications  of  the  current  sufficiently  strong  to  pro- 
duce vigorous  muscular  contractions  are  attended  by 
no  sensory  effects  whatever.  The  sensory  effects  are 
best  obtained  by  giving  the  machine  a  high  velocity. 
Adjusting  the  apparatus  for  high  velocity,  and  applying 
the  sponge  electrodes,  well  moistened,  to  the  temples, 
with  a  gradually  increasing  current  and  with  the  eyes 
closed,  one  seems  to  see  rotating  waves  of  light  resem- 
bling a  lumiuous  whirlpool  in  the  region  of  each  elec- 
trode, but  without  other  sensation  except  a  metallic 
taste. 

"  It  is  a  curious  fact  that  the  position  of  this  luminous 
field  is  not  stationary  ;  it  moves  with  the  electrode, 
which  seems  to  be  the  center  of  the  illuminated  area. 
As  the  current  is  increased  in  strength  the  display  of 
light  increases  in  brilliancy,  finally  becoming  so  ex- 
tended and  intense  that  the  whole  front  portion  of  the 
head  seems  to  be  brightly  illuminated.     At  this  point 
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one  begins  to  experience  very  slight  prickling  sensa- 
tions in  the  skiu,  and  a  peculiar  pulling  sensation, 
which  increases  as  the  intensity  of  the  current  is  in- 
creased. A  remarkable  characteristic  of  the  current  is, 
that  so  strong  impressions  are  made  on  the  op«^ic  nerves, 
or  their  centers,  by  a  current  too  delicate  to  be  recog- 
nized by  the  nerves  of  the  skin.  This  effect  must  be 
due  to  the  great  penetrability  of  the  current. 

"The  therapeutic  indications  for  which  I  have  em- 
ployed the  sinusoidal  current  have  bceu  based  upou 
the  peculiar  motor  and  sensory  effects  which  I  first 
observed  ten  years  ago,  some  of  which  have  since  been 
observed  and  described  by  d'Arsonval  and  Apostoli. 

"Within  the  last  ten  years  I  have  made  more  than 
20,000  applications  of  the  sinusoidal  current.  Twelve 
thousand  of  these  applications  have  been  made  within 
the  last  three  years.  The  greater  number  of  the  ap- 
plications have  been  made  in  gynaecological  cases, 
although  hundreds  of  applications  have  been  in  cases 
not  belonging  to  this  class." 


Great  Frequencies  of  Current-Interruption 

317.  Professor  A.  d'Arsonval  showed  that  application 
of  sinusoidal  waves  of  great  frequencies  does  not  affect 
functional!}'  the  nerves  or  muscles,  neither  pain  nor 
muscular  contraction  being  produced.  On  the  other 
hand  there  is  an  increased  metabolism,  as  shown  by 
the  increased  absorption  of  o.xygen  and  the  elimination 
of  carbon  dioxide. 

The  muscle  becomes  tetanized  at  from  twenty  to 
thirty  waves  per  second,  and  the  excitation  is  intensi- 
fied in  relative  proportion  up  to  a  maximum,  when  the 
effect   decreases    with    additional    increase   of   electric 
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oscillations.  The  maximum  varies  from  2,500  to  5,000 
per  second.  The  results  show  that  with  sufficiently 
rapid  vibrations,  currents  may  be  insensibly  passed 
through    the    body   which  would  produce  fatal  efiects 

i  f  t  h  e    frequencies    were 
lessened. 

D'Arsonval  has  succeeded 
in  producing  alternations 
at  a  rale  of  1,000,000,000 
per  second.  The  following 
is  taken  from  an  article  by 
d' Arsonval  and  is  translated 
by  J.  H.  Kellogg:* 

"  In  my  recent  researches 
I  found  great  advantage  in 
the  exclusive  emploj-ment 
of  the  following  apparatus, 
of  which  the  experiments 
of  M.  Lodge  have  given  me 
many  suggestions :  Let  A  A' 
(Fig.  128)  represent  the 
armatures  of  two  Leyden 
jars  arranged  in  cascade. 
The  armatures  are  joined  to 
an  electrical  apparatus  of 
high  potential  (as  a  Holtz 
machine,  Ruhmkorffcoil  or 
transformer).  The  external 
armatures,  B  b',  are  joined 
together  by  a  solenoid,  cc',  composed  of  coarse  copper 
wire  making  fifteen  or  twenty  turns.  Each  time  a 
spark  passes  between  A  A'  an  oscillating  current  of  ex 


Fig.  129. 
Amngement  of  Leyden  Jars   for 
Producing  Alternating  Currents 
ot  Great  Frequency  (d'Araonval- 
Hert2). 


•Internationa!  SyttcDi  of  Electro-Therapeutics.    Bigelow-Massey.    Secotid 
Edition. 
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treme  energy  is  produced  in  the  solenoid,  so  that  by 
connecting  its  extremities,  C  c',  a  current  is  produced 

■  which  may  bring  to  a  white  light  a  strong  incandescent 
Plamp,  L,  held  between  two  persons,  d  d'.      The  spark 

which  is  obtained  between  c  c'  is  much  longer  than 
that  which  passes  between  a  a  '.  This  is  due  to  the 
fact  that  in  the  latter  case  the  discharge  of  the  external 
armature,  A  A',  is  slowly  developed,  the  difference  in 
potential  between  the  poles  increasing  until  the  spark 
p  passes.  In  these  conditions  the  position  of  the  solenoid 
plays  a  secondary  rdle,  while  its  self-induction  becomes 
preponderant.  The  effect  of  these  sudden  discharges 
is  analogous  to  those  facts  in  mechanics  relating  to  the 
action  of  instantaneous  forces.     A  piece  of  gun-cotton 

■  placed  upon  a  piece  of  steel  burns  slowly  if  lighted,  but 
will  break  the  piece  if  made  to  explode  b}'  means  of 
fulminate  of  mercur}'.  The  same  amount  of  energy, 
however,  has  been  set  free  in  both  cases;  but  in  the 

Jsecund  the  pressure  generated  by  the  gas  is  so  intense 
that  the  resistance  of  air  becomes  comparable  to  that  of 
steel.     This  is  the  principle  illustrated  in  the  difference 

» between  the  electrical  pressure  developed  gradual!}'  in 
A  A'  and,  on  the  contrary,  suddenly  in  c  c'  at  the  mo- 
ment when  the  jar  is  discharged.  If  it  is  desired  to 
increase  the  tension  of  the  current,  it  is  sufficient  to 
introduce  into  the  solenoid  a  bobbin  with  a  large 
number  of  turns.  This  bobbin  is  placed  in  a  tube  of 
glass  filled  with  oil,  which  insulates  it  completely. 
K  "We  may  utilize  in  two  different  ways  the  currents 
thus  obtained :  First,  by  passing  them  directly  through 
the  tissues ;  second,  by  placing  the  tissues  on  the  inte- 
rior of  the  solenoid  without  making  any  communication 
with  it.  In  the  second  case  the  tissues  placed  in  the 
solenoid  are  the  seat  of  induction  currents  of  extreme 
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energy.     They  act  like  conductors  closed  upon  tbem 
selves,   and    are    traversed    by    induced    curreuts    of 
great  iutensitj'.     From   a  phj'siological  point  of  view, 
the  effects  obtained  are  the  same  in   the  two  cases,  and 
are  chiefly  as  follows:     First,  no  effect  upon  the   gen- 
eral sensibility  and   muscular  contractility.     This   is 
the  most   striking   phenomenon.     We  have  currents 
capable  of  burning  10  incandescence  a  series  of  elec- 
trical lamps.     These  lamps  placed  between  two  persons, 
D  D'    (Fig.  1 28),    completing   the  circuit,   are   lighted 
without   prodticing   any    sensorial    impressions.     The 
current  is  very  strong.     A  little  heat  mav  be  experi- 
enced at  the  point  of  entrance  and  exit  of  the  current 
from  the  body,     I  have  been  able  to  pass  through   my 
body  curreuts  more  than  3,000  millianipercs,  when  cur- 
rents of  a  quantity  ten  times  less  would  be  extremely 
dangerous   if   the    frequency    in    the    place   of   being 
500,000  to   1,000,000  per  second  were  lowered  to   100 
per  second,  the  usual  rate  of  alternating  currents  em- 
ployed for  medical  purposes.     There  has  been   much 
anxiety  for  an  explanation  of  these  paradoxical  results 
to  which  I  first  called  attention  in  my  lectures  at  the 
College  of  France  and  at  the  Society  of  Biology.     In 
my  communication  to   the  Society  of  Biology  I   sug- 
gested  two   hypotheses:     i.   Whether  these  currents, 
on  account  of  their  enormous  frequency,  pass  exclu- 
sively upon  the  surface  of  the  body  (it  is  well  known 
that  ordinary  currents  of  great  frequency  do  not  pene- 
trate, but  flow  upon  the  surface  of  the  conductor,  as 
does  static  electricity).     2.  Whether  the  sensory  and 
motor  nerves  are  organized  to  respond  only  to  vibra- 
tions of  determined  frequency,  as  we  see,  for  example, 
in   the  case  of  the   optic   nerve,   the  terminations   of 
which  are  blind  to  the  undulations  of  ether  at  a  rate 
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less  than  497  billion  (red),  and  greater  than  728  billion 
per  second  (violet). 

"The  acoustic  nerve  is  in  the  same  situation  as  re- 
gards sonorous  vibrations.  Below  and  above  certain 
vibratory  periods  musical  sounds  no  longer  exist,  and 
the  ear  remains  insensible  to  these  vibrations.  The 
human  body  does  not  behave  like  a  metallic  conductor. 
Currents  of  great  frequency,  in  the  place  of  flowing  on 
the  surface  of  the  body,  penetrate  into  the  body  and 
influence  nerve-centers  deeply  situated,  both  directly 
and  by  producing  induced  currents.  Whether  these 
currents  are  direct  or  induced,  the  sum-total  of  the 
energy  which  traverses  the  body  remains  the  same, 
and  the  result  is  the  same  in  both  cases.  By  employ- 
ing a  current  of  great  frequency,  the  body  is  traversed 
without  showing  any  reaction  by  currents,  the  energy 
of  which  would  destroy  it  if  the  frequency  were  lowered. 
We  can  explain  this  innocuousness  by  the  absence  of 
excitations,  or,  better  still,  b}^  supposing  that  these 
currents  exercise  upon  nerve-centers  and  muscles  the 
remarkable  special  action  studied  by  Brown-Sequard 
under  the  name  of  inhibition.  Experiments,  in  fact, 
demonstrate  in  the  most  striking  manner  this  inhib- 
itory action  of  currents  of  great  frequency,  as  we  shall 
now  show: 

"  /.  The  tissues  traversed  by  these  currents  become 
rapidly  less  excitable  to  ordinary  excitants.  This 
diminution  shows  itself  bj^  a  remarkable  analgesic 
effect  produced  at  the  point  where  the  current  pene- 
trates the  body.  This  analgesia  persists,  according 
to  the  case  and  subject,  from  one  to  twenty  minutes. 
^'2.  The  vaso-motor  system  is  powerfully  affected. 
If,  for  example,  the  mercurial  manometer  is  placed 
in  the  parotid  of  a  dog,  the  arterial  pressure  is  ob- 
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served  to  fall  several  centimeters  under  the  influence 
of  this  form  of  electrization.  We  may  observe  the 
same  phenomena  in  man  by  the  aid  of  a  sphygnio- 
graph.  Tliere  is  then  manifest  inhibition  of  the 
vaso-motor  system,  aside  from  all  conscious  sensation. 
This  fact  proves  that  currents  of  great  frequency 
penetrate  deeply  into  the  body,  as  I  have  stated 
above. 

"j.  Continue  the  currents  a  suflBciently  long  time 
in  man,  and  the  skin  becomes  reddened  and  is  cov- 
ered with  perspiration, — a  natural  consequence  of 
the  action  of  the  current  upon  the  vaso-motor  centers. 
The  same  result  is  obtained  by  placing  the  subject 
upon  an  insulated  stool  in  communication  with  one 
of  the  poles  of  the  high  potential,  the  second  pole 
being  in  communication  with  a  metallic  plate,  sup- 
ported at  a  sufficient  distance  from  it.  The  patient 
is  thus  submitted  to  the  action  of  an  oscillating  elec- 
trical field. 

*V/.  By  submitting  an  entire  animal  to  these  cur- 
rents, either  directly  or  by  placing  it  in  the  solenoid, 
we  may  observe  an  increase  in  the  intensity  of  the 
respirator}'  combustion.  The  thermometer  shows 
that  there  is  no  increase  in  the  internal  temperature. 
The  excess  of  heat  produced  is  lost  by  radiation  and 
evaporation,  as  may  be  observed  by  placing  the  ani- 
mal in  one  of  the  calorimeters  which  I  have  briefly* 
described. 

"5.  To  discern  the  action  of  these  currents  in  a 
living  cell  I  have  employed  the  yeast  of  beer,  and  io 
collaboration  with  M.  Charrin  I  have  studied  the 
bacillus  pyocj'anic. 

"The  results   which  I  have  briefly    indicated,    and 
those    already   obtained  in  clinical  experiments,    give 
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me    hope  that  we  possess,  in  these   various  forms    of 
electricity,  important  therapeutic  resources." 

Evidently  currents  of  immense  frequencies  are  capa- 
ble of  acting  upon  nutritional  and  the  simple  or  small 
molecules  of  the  tissues,  thus  producing  metabolic 
'changes.  At  the  same  time  the  physiological  elements 
or  molecules  of  nerves  and  muscles — the  sarcomeres 
and  the  ueuromeres — are  incapable  of  responding  to 
such  frequencies.  In  this  respect  the  nerve  and  mus- 
cular units  behave  similarly  to  the  galvanometer  needle 
when  subjected  to  a  faradic  current.  The  needle  rests 
because  mechanically  unable  to  follow  the  variations  of 
the  current  (§  75).  Obviously  physiologic  effects  are 
absent  whilst  purely  chemic  effects  are  present.  Hence 
the  potential  of  the  current  can  be  iucreased  indefinitely 
if  oxygen  and  other  essential  elements  of  anabolism 
are  bountifully  supplied,  so  that  the  natural  anabolic 
process  eveutuall}'  equals  current-katabolism.  The 
inhibitory  power  referred  to  is  explainable  on  the  basis 
of  a  greater  taking  possession  of  a  less  force.  Currents 
of  high  frequency  pass  through  the  small  molecules  of 
the  induced  fields  of  the  physiologic  units  and  thus 
inhibit  the  function  of  the  latter.  For  instance,  the 
isotropic  substance  is  in  possession  of  the  current,  hence 
the  anisotropic  molecule  is  inhibited.  It  is  the  same 
with  the  nerve  elements.  Obviously  the  current  initi- 
ates reactions  between  potential-carriers  and  oxygen  in 
their  induced  fields,  thus  making  way  for  other  poten- 
tial-carriers (nutritional  elements)  and  the  absorption 
of  more  oxygen  with  increased  elimination  of  carbon 
dioxide.  It  is  possible  that  concurrently  with  the 
katabolic  processes  there  ma}-  occur  a  forced  anabolism 
in  the  physiologic  units  of  nerve,  muscle,  and  glands, 
which  increases  their  intrinsic  potentials.     If  the  latter 
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process  were  demonstrated  (the  increased  capacity  to 
work  is  a  proof)  it  would  show  that  potentially  these 
currents  are  the  greatest  of  therapeutic  agents.  The 
analgesia  at  the  point  of  penetration  of  the  current 
following  its  application  must  be  owing  to  depletion  of 
the  induced  field  of  the  neuromere,  thus  modifying  its 
molecular  spacial  equilibrium  (§  150).  When  blood 
osmosis  replaces  the  nutritional  elements  the  tiexiro- 
mere  regains  its  equipoise  and  sequeuiiallj'  its  func- 
tional activity.  The  results  obtained  from  applications 
of  these  currents  throw  light  upon  the  relation  of  the 
phj'siologic  unit  to  its  induced  field.  The  molecular 
power  of  the  unit  must  be  supreme  within  its  vibratory 
space,  and  the  elements  of  the  induced  space  must  have 
a  potential  relationship  to  the  potential  of  the  iinit, 
otherwise  there  is  a  vibratory  block.  Moreover,  it  is 
conclusive  that  the  induced  field  contains  nutritional 
elements — potential-carriers  of  ox3'geu — in  which  there 
is  combustion  initiated  by  the  current.  It  is  apparent 
that  it  is  not  necessary  for  a  medicinal  agent  to  act 
chemically  on  the  unit  in  order  to  functionally  influ- 
ence it.  The  presence  of  the  agent  within  the  vibratory 
space,  or  the  overlapping  of  the  field  by  the  inductive 
potential  of  the  agent,  the  initiation  of  metabolism  in 
the  field,  or  the  neutralization  of  its  potentials,  will 
disturb  the  spacial  equilibrium  of  the  unit,  and  thus 
interfere  with  its  polarization  on  which  is  based  its 
function.  The  negative  potential  of  the  unit  must 
regulate  the  inter-unit  space  (induced  field),  and  the 
elements  within  the  space  must  have  potentials  and 
dimensions  bearing  an  equilibrating  relationship  to  the 
inductive  potential  of  the  unit.  These  are  factors  of 
the  equipoise,  but  which  are  modifiable  by  pressure 
and  temperature.     It  is  obvious  that  a  disturbance  of 
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either  is  a  disturbance  of  the  vibratory  equilibrium  in 
which  there  are  alternating  rest  (electric)  and  polarized 
(magnetic)  conditions,  and  with  varying  nutritional 
and  waste  modifications. 


CHAPTER  XXXII 


General  Application  of  Electricity 


{Galvanic  Current) 


518.  Central  Gaia'ANization.  One  pole  is  placed 
on  the  epigastrium  and  the  other  is  moved  successively 
over  the  forehead,  summit,  over  the  cervical  region, 
along  the  inner  border  of  the  sterno-cleido-raastoid  mus- 
cle, over  the  nape  of  the  neck,  and  along  the  entire  length 
of  the  spine.  The  whole  central  nervous  system — cere- 
bro-spinal  and  sympathetic  systems — is  thus  brought 
under  the  influence  of  the  current.  In  fact  the  princi- 
pal centers  lie  in  the  path  of  the  current  from  the  sum- 
mit to  the  epigastrium. 

Applications  traversing  the  brain  should  not  be  con- 
tinued over  one  or  two  minutes,  and  the  length  of  the 
seance  for  central  application  should  be  confined  to  a 
limit  of  ten  to  fifteen  miuutes.     Tl:e  dosage  varies  from 
2  to  5  milliamperes  when  traversing  the  brain  ;   from 
20  to  30  when  applied  to  the  spine.     Shocks  should  be 
carefully  avoided.     No  interruptions  of  the  current,  by  ^1 
lifting  the  electrode,  should  be  made,  and  the  effects  ^^ 
should  be  carefully   watched    and   annoyance    to    the   j 
patient  avoided  by  an  excess  of  current.     The  applica-  H 
tion  to  the  spine  may  be  labile  in  character,  payiug 
special  attention  to  the  celio-spinal  center  between  the 
first  and  seventh    dorsal   vertebrae.     The   application 
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influences  tbe  pneumogastric  and  sympathetic,   thus 
affecting  the  respiratory  and  circulatory  apparatus. 

The  electrode  placed  on  the  epigastrium  should  be 
broad,  and  may  be  composed  of  sponj3;e  or  felt.  For 
the  active  electrode  a  small  sponge  is  the  better.  The 
positive  pole  is  usually  applied  to  the  head,  the  nega- 
tive to  the  abdomen,  but  in  polar  differentiation  regard 
must  be  had  to  pathologic  conditions  (§  305). 

Central  galvanization  is  useful  in  hysteria,  chorea 
and  allied  affections  Mhere  there  is  a  hyperirritability 
and  exhaustion  of  the  nervous  system.  In  neuralgia 
depending  on  a  dyscrasia,  in  skin  diseases  of  consti- 
tutional origin,  in  chronic  diseases  of  uncertain  pathol- 
ogy, in  neurasthenia,  epilepsy,  nervous  dyspepsia, 
hypochondria,  and  in  some  forms  of  insanity,  this 
mode  of  applying  the  galvanic  current  is  useful. 
Modifications  of  nutrition,  both  general  and  local, 
being  important  factors  in  the  causality  of  these  dis- 
eases, the  action  of  the  current  in  this  respect  alone  is 
suflBcient  to  justify  attention  to  the  mode  of  treatment. 
The  author  found  central  galvanization  useful  in  allay- 
ing persistent  vomiting  which  accompanied  a  case  of 
clorosis. 

Faradic  Current 

319.  General  Faradization.  Place  one  pole  under 
the  feet,  or  at  the  coccyx,  whilst  the  other  is  applied 
to  various  parts  of  the  bod\--surface.  The  application 
may  be  stable  or  labile  according  to  the  indications  of 
the  case.  An  excellent  method  is  to  place  one  pole  in 
the  vagina  and  to  parade  the  other  over  the  surface. 
Usual])-  the  labile  pole  is  made  positive.  The  strength 
of  the  current  may  be  increased  as  the  seance  proceeds, 
the  patient  thus  tolerating  a  larger  dosage. 
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The  various  parts  of  the  body  are  brought  directly 
under  electric  influence,  the  application  being  made  to 
each  organ  modified  in  detail  as  indicated  by  the  char- 
acter of  the  specialized  structure.  Thus  the  active 
electrode  is  passed  over  the  head,  neck,  spine,  and  upper 
extremities,  stimulating  various  groups  of  muscles  of 
the  chest,  abdomen,  and  back,  dwelling  on  the  pirts 
sufficiently  long  to  produce  distinct  reactions. 

The  following  are  the  principal  parts  that  may  be 
directly  influenced  by  the  current: 

The  Head.  The  electrode — the  operator's  hand  may 
be  employed — is  passed  over  the  forehead  for  a  short 
period,  afterwards  it  may  be  placed  on  the  summit,  the 
hair  being  well  moistened.  Here  the  current  has  to 
be  slight  owing  to  the  bony  structure  and  the  super- 
ficial nerve  fibers.  The  applicatiou  should  last  one  or 
two  minutes. 

Cervical  Region.  This  embraces  the  cervical  spine 
and  the  cervical  sympathetic  and  pneumogastric.  The 
electrode  should  be  passed  along  the  anterior  border  of 
the  sterno-cleido-raastoid  and  over  the  celiospinal  cen- 
ter. The  current  can  be  of  decided  intensity  and  may 
last  from  three  to  five  minutes.  The  important  struc- 
tures in  this  region  make  the  application  a  verj-  im- 
portant factor  in  general  faradization. 

Upper  Extremtlies.  Here  massage  of  the  muscles 
should  be  effected  by  agreeable  contractions. 

Spine.  The  sponge  should  be  passed  along  the  en- 
tire length  with  a  strong  current.  The  nerve  supply 
of  the  whole  body  can  be  influenced  through  spinal 
faradization.  The  genito-urinary  organs,  the  inter- 
costal muscles  and  the  various  viscera  have  their  nerve 
supply  either  directly  or  indirectly  from  the  spiual 
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cord,  and  thus  reflexly  or  directly  are  infliienced  by  the 
application. 

Genitals  and  Lower  Extremities.  The  electrode  may 
be  passed  along  the  surface,  contracting  the  muscles 
and  stimulating  the  circulation.  In  applying  faradiza- 
tion to  sensitive  patients  it  may  be  necessary  not  to 
prolong  the  seance  beyond  a  few  minutes,  in  which 
case  applications  to  the  spine  and  neck  may  be  made 
alone. 

The  frequency  of  the  seances  is  an  important  feature 
in  general  faradization,  This  may  be  made  every  day 
or  once  or  twice  a  week.  In  certain  cases  the  tonic 
effect  is  produced  and  sustained  by  applications  every 
other  day.  When  there  are  reactive  effects  the  inter- 
vals should  be  prolonged,  so  as  to  allow  the  permanent 
tonic  effects  to  be  developed.  The  treatment  should  be 
persisted  in  for  weeks  or  months,  and  the  importance 
of  this  should  be  impressed  on  the  patient  at  the  com- 
mencement. In  the  majority  of  cases  general  fara- 
dization produces  a  feeling  of  exhilaration,  whilst  the 
tendency  to  sleep  is  matiifested  in  others.  Pain  is 
often  immediately  relieved,  thus  inspiring  confidence 
in  the  treatment,  and,  although  the  relief  is  sometimes 
temporary,  it  often  becomes  permanent.  Weariness 
and  nervousness  frequentl}^  disappear.  Sometimes  dis- 
agreeable symptoms  are  immediate  results  of  general 
faradization,  amongst  which  are  coldness  of  the  extremi- 
ties, perspiration,  faiiitness  and  dizziness.  To  overcome 
these  the  patient  should  rest  a  short  time.  Generally 
a  feeling  of  well-being  succeeds.  The  temporary  un- 
pleasant results  do  not  contraindicate  the  current  and 
are  entirely  consistent  with  permanent  beneficial  effects. 

Amongst  the  results  of  general  faradization  are: 
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Restful  Sleep.  Improvement  in  sleep  sometimes  is 
immediate,  decided  and  permanent. 

Equalization  of  the  Circulation.  Hysterical  and  neu- 
rasthenic patients  often  suffer  from  cold  extremities 
and  are  benefited  by  tbis  treatment.  Pelvic  congestion 
is  often  kept  up  by  defective  circulation,  and  here  per- 
manent improvement  may  be  predicted 

Hypcrirpitability  0/  the  nervous  system  is  a  symptom 
calling  for  the  soothing  action  of  the  high  tension  far- 
adic  current.  The  improvement  in  the  local  symptoms 
reacts  on  the  nervous  system,  whilst  the  current  in 
allaying  the  general  byperirritability  influences  the 
local  condition.  The  applications  promote  a  nervous 
equipoise. 

Surgical  Operations  often  remove  the  primary  cause 
without  producing  betterment  in  the  general  or  even 
local  sequential  conditions.  Here  is  a  field  for  the 
employment  of  electricity,  and  especially  faradization, 
of  which  the  surgeon  does  not  avail  himself. 

Amongst  the  other  effects  of  faradization  arc  regu- 
lation of  the  bowels,  increased  assimilative  power  and 
improved  nutrition.  The  disposition  and  capacity  for 
work  of  a  physical  or  mental  character  are  enhanced, 
and  the  wear  and  tear  is  lessened,  as  nerve  action  be- 
comes physiologic. 

The  idiosyncrasy  of  the  patient,  the  changing  mental 
condition,  and  the  varying  attending  symptoms  of  par- 
ticular diseases  cause  the  results  to  lack  uniformity. 
As  a  rule  a  person  of  an  actively  nervous  disposition 
responds  more  readily  to  treatment  than  the  phleg- 
matic. Differentiation  in  personal  equations  demands 
different  treatment-values. 


§  320  local  galvanization  53 1 

Local  Application  of  Electricity 

320.  Electricity  is  applied  locally  when  it  is  desired 
to  influence  a  locus  morbi  which  can  be  brought 
within  the  interpolar  space.  Either  current  may  be 
used,  thus  there  is  localized  galvanization,  localized 
faradization  and  localized  franklinization.  The  head, 
the  cervical  region,  spine,  pelvic  cavity  or  any  other 
part  of  the  body  may  be  the  seat  of  a  pathologic  change 
which  may  be  favorably  influenced  by  local  electriza- 
tion. 

Local  Galvanization 

Galvanization  of  Head.     Longitudinal — one  pole  on 
forehead  and  the  other  on  the  occiput ;  transverse — from 
ear  to  ear,  or  mastoid  to  mastoid ;  or  summit — one  pole 
on  the  summit  and  the  other  on  an  indifierent  part  of. 
the  body. 

The  current  should  be  turned  on  and  off"  gradually, 
avoiding  shocks,  and  the  seance  should  be  limited  to  a 
few  minutes.  The  physiologic  action  of  the  current  on 
the  brain  should  be  studied  (§  255).  The  current 
should  be  stable  in  character  and  the  electrodes  should 
be  broad.  The  dosage  may  be  from  one  to  ten  milli- 
amperes,  the  seance  lasting  from  one  to  ten  minutes. 
In  making  the  application  no  pain  or  distress  should 
be  caused  the  patient. 

Galvanization  of  the  Cervical  Sympathetic.  One  elec- 
trode is  placed  below  the  auriculoniaxillary  fossa,  and 
the  other  over  the  cervical  vertebrae,  over  any  part  of 
the  spine,  over  the  manubrium  stemi,  or  indifferently. 
Another  method  is  to  place  an  electrode  on  each  side  of 
the  neck,  over  or  below  the  mastoid  processes.  The 
sympathetic  will  also  be  reached  by  placing  one  elec- 
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trode  on  the  manubrium  stenii,  and  the  other  on  some 
part  of  the  spine.  The  application  should  last  from 
three  to  ten  minutes,  and  the  current  may  be  from  five 
to  sixty  milliamperes. 

All  applications  to  the  cervical  sj'mpathetic  involve 
more  or  less  the  pneumogastric  (§  260).  Galvanization 
of  the  sympathetic  is  indicated  by  vaso-motor  disturb- 
ance, where  the  circulation  is  actively  or  passively 
congested,  or  where  there  is  local  ischaemia  or  hyper- 
aemia.  In  diseases  of  the  geuito-urinary  apparatus  or 
of  the  digestive  organs  it  is  serviceable.  It  is  useful 
in  exophthalmic  goitre. 

Galvanization  of  lite  Spinal  Cord.  Place  one  elec- 
trode at  the  occiput  and  the  other  at  the  coccyx  or  at 
intermediate  points.  One  may  be  stabile  and  the  other 
labile.  One  electrode  may  be  placed  on  any  part  of 
the  spiue  and  the  other  on  the  abdomen.  The  current 
strength  may  be  from  thirty  to  seventy-five  milliam- 
peres. 

The  above  methods  will  show  the  principle  of  pro- 
cedure. It  is  evident  that  any  part  of  the  body  may  be 
brought  under  galvanization  by  placing  one  electrode 
in  a  proximate  position  to  the  lesion,  and  the  other 
indifferently. 

321.  Galvanization  of  Pelvic  Organs.  Tht  indifferent 
electrode  may  be  placed  on  the  abdomen  or  on  the 
back ;  or  a  bifurcated  conducting  cord  and  double  elec- 
trode, one  part  on  the  abdomen  and  the  other  on  the 
back,  may  be  used  for  the  indifferent  pole.  The  di- 
mensions of  this  electrode  should  accord  with  the 
strength  of  the  current.  The  material  may  be  sponge^ 
felt,  or  any  other  suitable  material.  Clay  is  preferable 
when  large  amperage  is  used.  The  active  pole  should 
be  attached  to  an  electrode  composed  of  such  material 
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and  should  be  of  such  shape  and  size  as  will  allow  of 
proper  adaptation  to  the  surface  acted  upon.  Thus 
there  are  vaginal,  intrauterine,  rectal  and  other  elec- 
trodes specially  constructed  for  the  purpose  of  particu- 
lar applications  (§  115). 

The  pelvic  organs  may  be  reached  by  external  appli- 
cation. Placing  one  electrode,  usually  a  large  one,  on 
the  abdomen,  the  other  may  be  applied  to  the  peri- 
neum, back,  or  to  other  parts  as  the  character  and 
location  of  the  lesion  indicates. 

The  dosage  varies  from  a  few  milliamperes  iu  the 
case  of  a  sensitive  endometrium  to  250  milliamperes  in 
the  case  of  fibroid  tumors,  thus  giving  full  scope  to  a 
discriminating  judgment  on  the  part  of  the  operator. 
The  active  pole  may  be  either  positive  or  negative,  the 
selection  being  based  on  the  different  physical  and 
physiologic  actions  of  the  poles.  The  selection  of  the 
poles  and  the  combining  of  polar  action  with  proper 
dosage  to  meet  the  causal  or  symptomatic  indication 
will  call  for  a  fineness  of  selective  power  on  the  part  of 
the  electro-therapeutist  only  attained  by  a  thorough 
knowledge  of  pathology,  combined  with  distinct  and 
fixed  ideas  of  the  physical  and  physiological  prop- 
erties of  currents.  In  this  way  the  operator  is  enabled 
to  impersonate  the  current  with  a  fine  electric  touch, 
and  endow  his  administrations  with  a  therapeutic  dis- 
crimination not  otherwise  attainable. 

322.  Effects  of  Local  Galvanization.  The  nutrition 
of  the  part  is  improved.  This  is  especially  the  case 
when  the  negative  pole  is  the  active  one.  An  atrophied 
muscle  improves  in  size  and  strength,  and  the  same 
can  be  said  of  other  organs.  Hypertrophied  tissue  is 
reduced  in  size  until  the  normal  is  attained.  This  ap- 
parent paradox  will  be  understood  by  considering  the 
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pathology.  Electricity  stimulates  nerve  and  muscle 
growth  because  they  respond  physiologically  to  its 
action.  A  muscular  atrophy  is  therefore  corrected. 
In  hyper troph)'^  of  the  uterus  the  muscular  contraction 
assists  in  absorption  of  pathologic  material,  and  here 
electrolysis  is  also  a  corrective.  Furthermore,  the 
physiologic  nerve-action  and  blood-supply  is  accom- 
panied by  normal  pressure  and  temperature  and  pro- 
duce normal  tissue-growth,  and  those  are  brought  about 
by  electric  stimulation. 


Electric  Treatment  of  Strictures 

323.  The  principle  of  treatment  of  one  stricture  per- 
tains to  all,  with  modifications  of  instrumentation  con- 
forming to  anatomical  differentiations.  The  galvanic 
negative  is  the  great  liquefying  and  absorbing  pole  and 
is  always  indicated.  In  simple  stricture  of  the  uterine 
cervix,  rectum,  oesophagus,  eustachian  tube  and  other 
canals  the  current  is  never  contraiudicated  and  often 
furnishes  brilliant  results.  The  dosage  varies  accord- 
ing to  the  sensitiveness  of  the  parts  and  the  surface-area 
of  the  active  pole.  Bearing  in  mind  the  fundamental 
principle  of  polar  action,  the  operator  will  never  fail  to 
make  available  the  electrolj'tic  and  cataphoretic  action 
of  the  galvanic  current  in  these  progressively  constrict- 
ing indurations. 

Urethral  Stricture,  The  location,  size  and  length  of 
the  stricture  should  be  ascertained.  This  can  readily 
by  done  by  a  urethrometer,  or  by  a  bougie  a  boule,  or 
by  a  sound.  A  record  of  the  topography  should  be 
made  for  future  reference.  In  selecting  an  instrument 
let  it  be  slightly  larger  than  the  size  of  the  stricture. 
Use  a  straight  handle  for  the  pendulous  urethra,  and  a 
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curved  handle  for  the  membranous  portion.  Attach 
it  to  the  negative  pole  always,  placing  the  positive 
electrode  indiflferently.  Do  not  use  a  non-conducting 
lubricant.  Sterilize  the  souud  electrode,  and  dip  it  in 
glycerine.  Passing  it  gently  down  to  the  stricture 
maintain  it  in  position,  with  slight  force.  Remember 
that  it  is  electrolysis  and  cataphoresis  as  taking  place 
at  the  negative  pole  that  does  the  work,  and  not  phys- 
ical force.  Gradually  increase  the  current  from  zero  up 
to  a  point  which  the  patient  feels  as  a  sensation  of 
warmth  or  tingling  at  the  active  electrode.  From  three 
to  eight  milliamperes,  according  to  the  size  of  the 
electrode,  will  be  borne,  and  is  of  sufficient  intensity. 
If  the  cause  of  the  stricture  is  a  deposit  of  inflammatory 
plastic  material  the  electrode  will  glide  through  the 
constricted  portion  with  astonishing  ease,  in  which  case 
it  can  be  drawn  backwards,  gently  as  before,  through 
the  stricture  without  reduction  of  current.  Pain  should 
never  accompany  electrolytic  treatment. 

If  the  stricture  is  made  of  dense  cicatricial  tissue,  the 
result  of  using  caustics  or  of  previous  cutting,  it  will 
offer  more  resistance.  However,  the  electrode  may  be 
maintained  against  the  constriction  for  twenty  to  thirty 
minutes  without  any  disadvantage.  The  current  should 
be  carefully  reduced  to  zero  before  withdrawing,  thus 
avoiding  shock.  What  is  required  is  the  softening 
and  absorbing  action  of  the  pole,  and  not  the  effect  of 
cauterization,  nor  the  active  pressure  by  the  operator. 

From  five  to  ten  treatments  should  show  improve- 
ment if  the  case  is  amenable  to  electrolysis.  The  treat- 
ment, however,  may  be  further  tried  without  affecting 
the  consideration  of  other  and  different  methods  of 
treatment.  Tiie  seances  can  be  repeated  once  a  week 
on  an  average.     When  there  is  hemorrhage  produced 


ELECTRO-THERAPEUTICS 


536 


by  the  introduction  of  the  sound,  the  operation  had 
better  be  postponed.  Dense  fibrous  bands  do  not  yield 
readily  to  electrolytic  action,  but  there  is  no  objection, 
with  the  consent  of  the  patient,  to  prolong  the  treat- 
ment and  attempt  to  soften  and  absorb  them. 

Around  the  membranous  portion  of  the  urethra  is  a 
collection  of  muscular  fibers — cut  off  muscle.  These 
contract  readily  on  reflex  action  from  the  urethral 
mucous  membrane.  It  is  in  this  portion  where  many 
failures  of  electrolytic  treatment  have  been  recorded. 
It  is  suspected  that  important  factors  in  the  cause  of 
failure  of  the  treatment  of  these  cases  are  the  want  of 
patience,  aud  the  lack  of  anatomical  knowledge,  on  the 
part  of  the  operator. 

Electrolysis  of  urethral  stricture  is  entirely  without 
danger,  the  negative  polarity  of  the  sound  facilitates  its 
passage,  a  fact  which  has  been  demonstrated  in  cases 
where  surgeons  have  failed  to  effect  a  passage.  It  re- 
lieves at  once  and  is  applicable  to  all  strictures,  and 
can  be  performed  while  the  patient  is  attending  to  his 
daily  business.  The  most  important  consideration  is 
that  electrolysis  actually  removes  the  pathologic  condi- 
tion, which  cannot  be  said  of  a  cutting  operation,  there- 
fore no  relapses  occur  after  the  electrolytic  method. 

Local  Faradization 


324.  Faradization  of  the  head,  neck,  spine,  and  other 
portions  of  the  body  is  accomplished  by  the  same 
methods  as  are  used  in  local  galvanization,  and  the 
same  variation  in  dosage  is  indicated  to  accord  with  the 
sensitiveness  of  specialized  tissues. 

The  electrodes  used  are  of  different  material,  size 
and  shape  so  as  to  be  capable  of  adjustment  to  the  con- 
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"  formation  of  parts,  and  aid  iu  accomplishing  the  purpose 
of  the  application.  Thus  sometimes  the  operator's 
hand  is  used  as  an  electrode,  sometimes  the  bare 
metal — metallic  brush  or  solid  metal — or  metal  covered 
with  spouge,  absorbent  cotton,  felt,  flannel,  linen,  etc., 
these  latter  being  thoroughly  moistened  with  a  saline 
solution. 

B  Dry  Faradisation.  The  hand,  a  solid  metallic  elec- 
trode, or  the  metallic  brush  may  be  used.  The  hand  is 
preferable  with  delicate  or 'timid  patients.  Applica- 
tions by  the  metallic  brush  may  give  considerable  pain ; 
they  are,  however,  useful  in  cutaneous  anesthesia  and 
neuralgia.  In  dry  faradization  the  skin  should  be 
wiped  dry,  and  absorbent  powder  may  be  dusted 
over  it  previous  to  appl3'ing  the  current. 

f  Moistened  Electrodes.  A  large,  well'  moistened  elec- 
trode may  hi  used  for  the  indifferent  pole,  whilst  the 
active  pole  may  be  attached  to  a  suialler  one.  It  must 
be  kept  in  mind  that  the  current  ditVuses  in  the  tissues 
so  as  to  meet  with  as  little  resistance  as  possible.  The 
size  of  electrodes  varies  according  to  the  purpose  of  the 
application.  In  stimulating  the  motor  poiut  of  a  nerve 
small  electrodes  are  useful;  on  the  other  hand,  applying 
the  current  directly  to  a  muscle  a  larger  electrode  is 
preferable. 

Faradization  of  the  pelvic  organs  is  accomplished  by 
the  same  methods  as  are  used  for  galvanization,  only 
in  faradization  the  bipolar  electrode  has  been  found  an 
effective  and  convenient  instrument  for  its  application. 
325.  Bipolar  Faradization.  This  simply  means  the 
application  of  the  faradic  current  by  an  electrode  iu 
which  the  two  poles  terminate.  The  galvanic  current  is 
not  applied  by  this  method  owing  to  practical  difficulties. 
The  method  therefore  is  exclusively  used  in  faradiza- 
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tion,  and  is  practically  confined  to  the  treatment  of  the 
vagina,  uterus,  rectum,  and  the  bladder. 

When  the  current  passes  through  soft  tissues  which 
electrically  connect  the  two  poles  of  a  bipolar  electrode 
it  spreads  out  according  to  its  intensity,  thus  meeting 
with  less  resistance  as  the  cross-sectional 
area  is  increased  (§  17).  This  is  an 
important  consideration  in  using  this 
method. 

Bipolar  electrodes  have  the  advantage 
of  being  more  easily  applied,  the  patient's 
clothing  not  being  disturbed  and  no 
moisture  being  needed  for  the  electrode. 
A  larger  current  is  tolerated  owing  to 
the  mucous  membranes  not  being  so 
sensitive  as  the  skin.  A  practical  dem- 
onstration of  this  is  made  when  the  elec- 
trode accidentally  passes  from  the  vagina 
and  one  of  the  poles  touches  the  labial 
surface.  To  prevent  this  the  electrode 
should  be  firmly  fastened  by  pinning  the 
clothing  over  it.  Owing  to  the  insensi- 
tiveness  of  the  raucous  membrane  a  much 
larger  current  can  be  applied  than  by 
having  one  pole  on  the  cutaneous  surface. 
Owing  to  mucous  surfaces  oflferiug  less 
resistance  to  the  current  than  cutaneous 
surfaces  a  quantitative  current,  which 
has  little  power  in  overcoming  resist- 
ances, exercises  an  immense  contracting 
force  over  the  unstriped  muscular  fibers  of  the  uterus, 
vagina,  rectum,  and  bladder.  This  differential  con- 
tracting power  is  particularly  manifested  when  bipolar 
electrodes   are   used.     On  the  other  hand  the  bipolar 


Fig.  130. 

Vaginal  Bipolar 

Electrode. 
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electrode  with  a  high  tension  current  of  great  frequency 
is  of  great  service  where  there  is  pelvic  tenderness  or 
pain.  In  muscular  relaxation,  prolapsus,  and  in  dis- 
placements without  acute  inflammatory  action,  the 
bipolar  method  of  application  with  coarse  currents,  are 
curative,  if  the  case  is  not  of  too  long  standing. 


CHAPTER  XXXIII 

Dosage  of  Electricity,  Duration  of  Application*, 
AND  Frequency  of  Seance. 
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326.  Galvanic  Cttrrent.  The  introduction  of  th 
milliamperemeter  has  rendered  possible  a  scientific* 
exactness  in  the  administration  of  the  galvanic  current*" 
otherwise  impossible  of  attainment.  The  dosage  varies 
with  the  object  of  the  application.  If  it  is  desired  ten 
produce  electrolysis,  as  in  the  case  of  a  fibroid  tumor." 
the  dosage  may  range  from  50  to  250  milliamperes,  it 
no  accompanying  conditions  contraindicate.  Electroly- 
sis, however,  takes  place  with  small  amperage  and  i 
directly  proportional  to  the  energy  of  the  current.  Ii 
hypertrophies  and  in  inflammatory  exudations  of  longg^ 
standing  large  dosage  can  be  used — fifty  or  seventy-fiver: 
milliamperes.  The  cataphoretic  action  of  the  currentrr 
is  obtained  >vith  small  amperage — from  two  to  thirt}^ 
milliamperes — the  sensitiveness  of  the  parts,  theii" 
liquid  or  solid  conditions  deciding  the  particular  dosage . 

To  obtain  electrotonic  results,  only  small  currents 
are  needed,  the  pathologic  condition  and  the  anatomic 
relationship  of  the  nerve  determining  the  exact  dosage. 
In  facial  and  other  superficial  neuralgias  a  current  of 
one  to  ten  milliamperes  is  sufficient,  whilst  in  sciatica 
thirty  to  forty  milliamperes  are  well  borne  and  are 
beneficial. 
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Acute  inflammatory  action  or  a  sensitive  condition  of 
the  parts  demand  small  currents.  On  the  other  hand, 
chronic  cases  with  slight  sensitiveness  will  improve 
under  large  dosage. 

In  paralysis  currents  of  tea  to  fifteen  milliamperes 
are  usually  sufficient.  The  nutrition  of  the  part  or  of 
the  general  system  should  be  improved,  and  it  is  not 
always  necessary  that  muscular  contraction  be  effected. 

The  duration  of  the  seance  may  vary  from  three  to 
fifteen  minutes.  Sometimes,  when  the  object  is  to 
produce  cataphoresis  or  electrolysis,  a  small  dosage 
prolonged  is  preferable  to  a  large  current  applied  for  a 
few  minutes;  on  the  other  hand,  a  muscle  contracted 
for  three  minutes  has  its  nutrition  stimulated,  while  a 
fifteen  minutes'  seance  may  exhaust  it. 

As  a  rule  repetition  of  the  seance  may  take  place 
every  second  day,  but  when  employing  very  large  cur- 
rents once  a  week  is  sufficient,  it  being  kept  in  view 
that  the  effects  produced  by  currents  continue  for  some 
time  after  the  application. 

In  using  large  currents  it  is  often  of  advantage  to 
employ  the  faradic  alternately  with  the  galvanic.  On 
applying  large  amperage  it  is  best  to  increase  from 
zero  gradually.  When  a  slight  pain  is  felt  stop  increas- 
ing or  even  reduce  the  current-strength  slightly.  When 
the  patient  is  comfortable  re-commence  increasing  until 
the  point  of  tolerance  is  again  reached.  By  this  method 
very  large  currents  will  be  tolerated.  When  the  de- 
sired amperage  cannot  be  reached  without  pain  investi- 
gate the  condition  of  the  electrode  as  to  moisture, 
contact-area,  and  adaptability  to  the  surface;  also  see 
that  the  skin  has  no  eruptions.  The  skin  may  be  ira- 
rovcd  as  a  conductor  by  shampooing  with  hot  water 


Fig.  131. 

High  Tension  Faradic  Apparatus,  Coniinuoaa  Coil. 

{^Jerome  Kidder  MtxHttfaclurinq  Co.^ 


tress.     If  tolerance   decreases    as   the   treatment 
gresses  it  is  a  signal  for  caution,  and  if  pain  is  a  re^ 
of  treatment  it  is  a  positive  warning  that  some  cha 
in  the  kind  of  current,  dosage,  length  of  seancJ 
mode  of  application  must  be  made;    or   that  elj^ 
treatment  is  contraindicated. 
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327.  The  Faradic  Current.  The  faradic  current 
cannot  be  measured  by  the  galvanometer,  owing  to  the 
mechanical  impossibility  of  the  needle  following  its 
vibrations.  However,  the  sensations  of  the  patient 
furnish  a  meastirement  which  is  generally  a  sufficient 
guidance  to  correct  dosage.  ^  The  rule  that  pain  should 
not  be  caused  the  patient  is  absolute.  For  the  relief 
of  pain  a  small  current  of  high  tension  and  rapid  vibra- 
tion is  usually  iiidicated.  Where  the  nerve  is  deeply 
situated  larger  force  will  be  borne,  while  superficial 
nerve  trunks,  especially  if  passing  over  bony  prom- 
inences, will  tolerate  only  small  currents.  It  is  better 
to  err  on  the  side  of  small  than  that  of  large  currents ; 
and  until  the  idiosyncrasy  of  the  patient  and  the  toler- 
ance of  the  tissues  are  ascertained  small  currents  should 
be  employed.  The  immediate  and  remote  eflfects  of  the 
applications  should  be  studied  in  order  to  direct  the 
operator  in  future  seances.  It  must  not  be  forgotten, 
however,  that  immediate  results  may  cause  annoyance 
and  remote  eflfects  be  entirely  beneficial. 

The  duration  of  the  faradic  application  may  be  from 
three  minutes  to  half  an  hour.  A  relaxed  muscle, 
stimulated  by  a  coarse,  slowly  interrupted  current,  is 
strengthened  by  a  three-minute  application;  on  the 
other  hand  general  faradization  may  be  extended  to 
half  an  hour. 

Faradization  may  be  applied  several  times  a  day,  as 
in  the  treatment  of  sciatica  or  other  neuralgias,  or  two 
or  three  times  a  week,  as  in  general  faradization. 

328.  Franklinic  Currents  or  Static  Electrification. 
The  nature  of  the  pathologic  condition  which  it  is  de- 
sired to  remove,  the  tolerance  of  the  tissues  and  the 
idiosyncrasy  of  the  patient  must  direct  these  applica- 
tions as  in  the  galvanic  and  faradic  currents.     From 
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simple  electrification  to  strong  sparks  there  is  a  range 
of  dosage  whicli  will  allow  the  judgment  and  fineness 
of  the  electric  touch  of  the  operator  ample  room  for 
display,  and  which  will  meet  the  indications  of  a  large 
variety  of  conditions. 

The  duration  of  the  application  and  the  frequency  of 
the  seances  are  subject  to  the  same  general  principles 
laid  down  for  galvanization  and  faradization.  The 
dosage  of  franklinic  currents  is  regulated  by  the  revo- 
lution of  the  plates  from  slow  to  fast ;  by  diverting  the 
electrification  away  from  the  patient;  by  re-enforce- 
ment of  the  electrification  by  Leyden  jar  condensers; 
and  by  the  skill  of  the  operator  in  handling  the  ap- 
paratus. 


CHAPTER  XXXIV 

Electro-Di  agnosis 

328.  As  all  parts  of  the  body  are  in  some  way  re- 
sponsive to  electric  applications,  varying  in  accordance 
with  their  physical  and  functional  characters,  and  as 
the  response  is  modified  by  disease,  it  is  clear  that 
there  is  a  basis  on  which  electro-diagnosis  may  be  es- 
tablished. 

The  modification  of  the  normal  electric  response,  or 
of  the  normal  electro-sensibility  of  an  organ,  may  be 
either  an  increase  or  a  decrease.  The  great  practical 
difl&culty  is  in  establishing  a  standard  of  physiologic 
electro-sensibility,  as  organs  vary  largely  in  functional 
response  to  the  current,  and  are  still  within  physiologic 
limits.  We  can  only  compare,  when  practicable,  the 
electro-sensibility  of  the  suspected  organ  or  part,  with 
the  sensitiveness  of  the  corresponding  organ  or  part  of 
the  opposite  side,  being  careful  to  have  the  same  rel- 
ative placement  of  the  poles,  the  same  sized  electrodes, 
with  the  same  degree  of  moisture,  and  under  the  same 
conditions  generally. 

A  standardized  faradic  apparatus  has  been  proposed, 
in  using  which  physicians  could  compare  results,  but 
so  far  this  is  outside  the  sphere  of  practical  electro- 
therapeutics. 

As  a  whole,  electro-diagnosis  has  not  arrived  at  that 
point  of  scientific  exactness  which  would  recommend 
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it  to  the  practical  and  bus}'-  electro-therapeutist,  and 
yet,  in  clearing  up  undetermined  but  suspected  condi- 
tions, and  enabling  us  to  arrive  at  a  proper  diagnosis 
of  cause,  as  well  as  at  an  earl}'  prognosis,  electricity  has 
furnished  brilliant  instances,  and  electro-diagnosis  will 
be  ever  an  attractive  subject. 

329.  Motor  points  are  locations  on  the  body-surface 
at  which  galvanic  stimulation  of  a  muscle  is  most  easily 
effected.  They  usually  correspond  to  points  where 
motor  nerves  enter  muscles.  A  general  knowledge  of 
anatomy  is  all  that  is  necessary  to  enable  a  practitioner 
to  find  any  motor  point  desirable.  An  excellent  method 
is  as  follows:  Employ  an  induced  current  of  high 
tension,  and  place  one  electrode,  comparatively  large, 
on  the  opposite  side  of  the  part  to  be  examined,  such  as 
on  the  back  of  the  forearm,  if  the  flexors  of  the  hand 
are  to  be  examined,  or  over  the  spine  if  the  abdominal 
muscles  are  to  be  tested.  Then,  with  a  smaller  elec- 
trode, well  moistened  in  a  saline  solution,  parade  the 
surface  of  the  muscles,  and  when  the  motor  points  are 
reached,  contraction  will  ensue.  Fig'.  132  indicates  the 
motor  points. 

Before  making  comparisons,  the  minimum  amount 
of  current  necessary  to  produce  contractions  should  be 
ascertained,  and  it  is  better  to  use  the  negative  as  the 
active  pole  in  comparing  the  irritability  of  correspond- 
ing muscles  (§  197). 

330.  When  a  normal  muscle  is  excited  by  electric 
applications  its  response  is  immediate,  quick,  lightning- 
like.  In  disease  this  may  be  modified,  and  the  muscle 
may  become  lazy,  drawing  itself  up  slowly.  This  is 
called  sluggish  contraction.  A 

Again,   the    normal   formula  of  electric    sensibility  ^ 
may  be  changed.     The  relative  order  in  which  con- 
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traction  takes  place  is  as  follows:  (i)  K  CIC;  (2)  An 
CIC;  (3)AnOC;  (4)KOC  (§196-199).  When  the 
normal  formula  of  electric  reactions  is  changed  it 
is  said  to  be  a  qualilalive,  and  when  the  sensibility  is 
merely  increased  or  diminished  it  is  said  to  be  a  quan- 
titative change. 

The  change  that  takes  place  in  the  normal  formula 
is  remarkable.  The  anodal  closing  contraction  responds 
gradually  to  weaker  currents,  until  it  is  excited  by  an 
amount  of  current  equal  to  that  of  the  cathode  closing 
contraction.  The  anodal  opening  contraction  and  the 
cathodal  opening  contraction  also  approach  in  degree  of 
excitability  the  cathodal  closing  contraction.  The 
change  taking  place  in  the  normal  formula  of  electro- 
contractility,  and  which  is  also  associated  with  quanti- 
tative changes,  has  been  termed  the  reaction  of  drgener- 
ation—R.  D. 

Although  increased  or  diminished  irritability  is 
generally  the  same  for  both  galvanic  and  faradic  cur- 
rents, occasionally  it  is  found  that  one  is  increased  and 
the  other  diminished. 

Individual  phenomena,  associated  with  degenerative 
changes,  are  best  studied  from  a  typical  case,  as  in 
Bell's  paralysis,  The  electric  reactions  appear  about 
as  follows: 

Nerve.  After  a  slight  increase  of  irritability,  there 
is  a  gradual  decrease  until  the  end  of  the  second  week, 
when  both  galvanic  and  faradic  irritability  disappear; 
voluntary  movements  then  become  impossible. 

Muscles.  Gradual  decrease  of  faradic  irritability  and 
increase  of  galvanic  irritability  are  the  first  manifesta- 
tions. Sometimes  galvanization  of  the  well  side  will 
produce  contraction  of  the  paralyzed  side.     Mechanical 
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irritability  is  also  increased.     Galvanic  hyperirritabiU 
ity  usually  lasts  several  weeks,  aud  then  subsides. 

JThe  most  characteristic  sigu  of  the  reaction  of  de- 
generation is  the  sluggish  contraction,  which  is  coinci- 
dent in  appearance  with  the  galvanic  hyperirritability. 

■  The  change  of  formula  also  occurs  early  in  the  process 
of  degeneration.  After  four  to  six  weeks  irritability  is 
lost,  the  An  CI  C  being  the  last  to  disappear;  or  a 
slight  response  to  voltaic  alternation  may  be  the  last  to 
manifest  itself. 

I       Regeneration  of  the  nerve  is  announced  by  trophic 

■  activity,  then  comes  voluntary  power,  which  is  fol- 
lowed by  electric  irritability.     The  muscular  irritability 

P  is  re-established  in  the  reverse  order  of  its  disappear- 
ance as  noted  in  the  change  of  formula.  Regeneration 
I  of  the  nerve  takes  place  from  the  periphery. 
The  degenerative  changes  in  the  muscle,  when  not 
arrested,  end  in  its  assuming  the  appearance  of  a  thin 
cord-like  band  of  fibrous  tissue  with  traces  of  muscular 
nuclei.     The  motor  end  plates  are  the  last  to  yield,  and 

I  the  first  to  be  restored. 
331.  The  fact  of  the  muscle  responding  to  galvanic 
stimulation  and  not  to  faradic  has  been  explained,  on 
the  ground  that  sluggish  contraction,  caused  by  degen- 
erative changes,  prevents  the  reaction  taking  place 
I  before  the  succeeding  faradic  interruption. 
The  modification  in  th^:  normal  formula  may  be  ex- 
plained by  the  degenerative  changes  being  accompanied 
by  a  reduced  potential  of  the  muscular  molecule, 
whereby  it  becomes  more  afiiected  by  positive  elec- 
tricity, and  the  histological  elements  of  the  muscle 
become  more  completely  polarized  when  under  positive 
polar  influence  (§  199,  §  200).  If  the  metabolism  of 
muscle  and  nerve  consists  of  the  taking  ou  and  giving 
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off  of  carbon,  hydrogen,  and  oxygen  (|  160,  §  162),  an 
exhaustive  or  degenerative  cell  or  cell-molecule  must 
lose  in  its  relative  negativity,  as  the  ionized  oxygen  has 
a  more  negative  potential  than  ionized  carbon  and 
hydrogen  have  positive  potential  (§  27,  §  28).  The 
molecule  of  a  degenerated  cell  therefore  consists  of  ^ht 
stable  base  (§  161)  of  about  equal  positivity  and  negja- 
tivity,  and  the  negative  potential  of  a  normal  cell-mole- 
cule resides  in  the  resultant  negativity  of  the  ions, 
carbon,  hydrogen  and  oxygen,  when  associated  as  hy- 
drogen carbonate.  Hence  it  is  the  negativity  of  the 
nutrient  molecule,  H.CO.,,  which  gives  character  to 
electric  muscular  response  as  expressed  by  the  normal 
formula,  and  the  negativity  is  lessened  by  the  nutrition 
being  shut  off  (§  162).  Under  these  conditions  the 
physiologic  unit  becomes  neutral  or  even  electro-posi- 
tive. It  would  be  interesting  to  know  what  changes 
take  place  in  the  extra  polar  after-currents  of  a  section  of  | 
degenerated  nerve.  It  is  probable  that  the  difference 
in  the  direction  of  anodal  after-current  would  disappear 
(§  201,  §  202);  and  that  the  quality  and  position  of  the 
leading  off  point  might  be  modified. 

332.  The  reaction  of  degeneration  is  of  diagnostic 
and  prognostic  value.  It  is  not  present  in  lesions  con- 
fined to  the  upper  segment  of  the  motor  tract — the 
cortex,  descending  motor  pathways,  the  internal  cap- 
sule, the  crura,  the  pyramids  or  the  lateral  columns  of 
the  cord. 

In  lesions  of  the  lower  segment  of  the  motor  tract — 
the  anterior  cornua  of  the  gray  matter  of  the  spinal 
cord,  the  cerebro-spinal  nerves  or  their  ultimate  ter- 
minal distributions — it  is  generally  present.  In  myo- 
pathies irritability  is  merely  decreased. 
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The  electro-contractility  of  a  muscle  may  be  (i)  nor- 
mal; (2)  quantitatively  changed;  or  (3)  qualitatively 
changed. 

/.'  The  reactions  are  normal  when  there  is  no 
interference  with  the  nutrition  of  the  neurone  and 
muscle.  Hence  they  are  normal  in  all  cerebral  dis- 
eases whether  organic  or  functional — hemiplegia; 
hysteria,  epilepsy,  etc. 

Diseases  or  secondary  affections  of  the  white  col- 
umns of  the  cord  such  as  locomotor  ataxia,  lateral 
sclerosis  and  spinal  sclerosis  may  show  slight  quan- 
titative changes,  but  only  in  the  later  stages. 

Transverse  myelitis,  compression  or  injury  of  the 
cord,  will  only  show  degenerative  reactions  in  the 
nerves  and  muscles  innervated  by  the  diseased  por- 
tion. Slight  palsies  from  cold  or  pressure  may  not 
show  degenerative  changes. 

2.  Increased  faradic  irritability  of  nerve  or  muscle 
is  found  in  tetanus ;  and  may  be  found  in  hemiple- 
gia, with  irritable  reflex  centers  and  contractured 
muscles. 

Increased  galvano-muscular  irritability  is  present 
in  the  early  stages  of  degeneration. 

Decreased  or  abolished  irritability  of  the  nerve  to 
both  currents  accompanies  degeneration.  In  long 
standing  cases  of  lateral  and  posterior  sclerosis  or 
cerebral  palsies  there  may  be  a  diminished  excita- 
bility. 

J.  The  reaction  of  degeneration  is  present  in  the 
following  diseases :  Diseases  affecting  the  anterior 
cornua,  thus  implicating  the  nutrition  of  the  motor 
neurone,  as  myelitis  caused  by  pressure,  injuries, 
toxic  agents,  syphilitic  deposits,  etc.;  poliomyelitis; 
bulbar   paralysis;   lead   paralysis;    atrophic   lateral 
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sclerosis  (early  stages) ;  cases  of  diphtheritic  paralj" 
sis;  inflammation  of  motor  neurones,  traumatic  or 
idiopathic;    multiple    neuritis;    peripheral    palsies, 
from  whatever  cause,  in  which  the  integritj'  of  the 
ueuroue  has  been  seriously  attacked. 
When  the  question  lies  between  a  cerebral  or  periph- 
eral origin  of  facial  paralysis  or  paralysis  of  a  limb  the 
presence  or  absence  of  R.  D.  or  normal  farado-muscular 
response  is  conclusive.     The  character  of  electro-mus- 
cular reactions  will  differentiate  also  between  cerebral, 
peripheral  and  lead  palsy.     Normal  reactions  are  of 
positive  value  in  a  number  of  cases;  whilst  in  others 
the  R.  D.  with  the  aid  of  other  testimony  often  decides 
the  diagnosis. 

333.  For  convenience  paralyses  may  be  classified  as 
follows : 

/.  Centr.\i,  Paralysis.  Brain.  Causes.  Apo- 
plexy, thrombosis  or  embolism,  tumors,  resulting  in 
hemiplegia,  diplegia,  etc.;  softening,  as  in  bulbar 
paralysis. 

Spinal  Cord.  Causes.  Myelitis,  meningitis,  soft- 
ening, sclerosis,  compression  from  hemorrhage, 
tumors,  or  abscess;  resulting  in  paraplegia.  Injury  or 
compression  of  one  side  may  cause  spinal  hemiplegia. 
2.  Peripher.\l  Paralysis.  Causes.  Neuritis, 
injury,  exposure,  pressure  from  growths,  etc.,  de- 
struction of  nerve  tissue  by  suppuration,  etc. 

J.  Constitutional  Paralysis.  Causes.  Gout, 
rheumatism,  syphilis,  scarlet  fever,  diphtheria,  ty- 
phoid fever,  small-pox ;  poisons,  such  as  lead,  mer- 
cury, opium,  arsenic,  phosphorus;  hysteria, 

^.  Reflex  Paralysis.  Due  to  the  motor  path- 
way being  in  possession  of  extraneous  impulses  ini- 
tiated in  a  distant  organ. 
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The  motor  pathway  lies  between  the  cerebral  cortex 
and  the  muscles.  It  is  divided  into  two  segments  or 
systems,  the  upper  and  lower. 

The  upper  motor  path  or  segment  consists  of  a  strand 
of  fibers  known  as  the  pyramidal  tract.  It  commences 
with  the  axis  cylinder  processes  of  large  pyramidal 
cells  in  the  cerebral  cortex.  The  collective  fibers  con- 
stitute part  of  the  corona  radiata,  which  gathers  itself 
into  the  internal  capsule.  It  passes  from  the  capsule 
into  the  cms  cerebri,  hence  to  the  pons,  and  through 
the  bulb  to  the  spinal  cord,  where  it  forms  the  anterior 
columns.  As  it  descends  through  the  cord  it  becomes 
more  attenuated  and  finall}'^  terminates  in  the  lumbar 
enlargement.  The  greater  part  of  the  fibers  of  the 
tract  decussate  as  they  pass  through  the  medulla,  the 
others  pass  directly  into  the  cord. 

The  mode  of  termination  of  the  pyramidal  fibers  in 
the  cord  is  by  forming  arborizations  about  the  root- 
cells  of  the  anterior  horn.  No  anatomical  connection 
has  been  traced  between  the  root-cells  and  the  arboriza- 
tions. These  arborizations  are  the  lower  terminals  of 
the  upper  segment.  The  lower  segment 'of  the  motor 
pathway  begins  with  the  multipolar  ganglion-cells  of 
the  anterior  horns  of  the  cord  and  the  corresponding 
root-cells  of  the  cranial  nerves.  The  axis  cylinders  of 
these  cells  are  continuous  with  the  axis  cylinders  of  the 
motor  nerve  fibers  which  ultimately  end  in  the  motor 
plates  of  the  muscles. 

Paralysis  having  its  origin  in  the  upper  segment  of 
the  motor  pathway,  that  is  between  the  cortex  and  the 
multipolar  ganglion-cells  of  the  anterior  horn,  exclusive 
sf  the  latter,  will  exhibit  the  following  characteristics : 

The  muscles  are  in  condition  of  spasticity,  never 
laccid.     They  resist  passive  movements,  and  contrac- 
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tures  take  place.  They  become  atrophied  from  inac- 
tion^  but  there  are  no  degenerative  processes,  and  no 
electric  reaction  of  degeneration.  The  paralysis  is  on 
the  opposite  side  of  the  bod}'  if  the  lesion  is  above  the 
decussation,  although  slight  paresis  may  exist  on  the 
same  side. 

Paralysis  having  its  origin  in  the  lower  segment  of 
the  motor  path,  shows  muscular  flaccidity,  and  there  is 
a  lessening  of  tone.  There  is  no  resistance  to  passive 
movements  and  no  contractures.  The  neurone  body 
being  shut  off  there  is  absolutely  no  reflex  action, 
and  the  complete  disuse  ends  in  atrophy  and  degenera- 
tion. 

p  The  electric  reactions  are  changed  from  the  normal, 
both  in  the  nerve  and  muscle.  The  farado-muscular 
contractility  is  diminished  or  abolished ;  galvano-mus- 
cular  contractility  is  increased,  normal  or  diminished. 
The  contractions  become  sluggish,  the  formula  is 
changed,  and  the  reactions  of  degeneration  more  or  less 
pronounced. 

334.  Common  Sexs.\tion.  The  two  variations  from 
the  normal  are  hyperesthesia  and  anesthesia.  In  test- 
ing the  condition  of  the  sensory  nerves  the  active 
electrode  is  constructed  so  as  to  present  to  the  surface 
examined  as  many  points  as  possible.  Erb  devised  an 
instrument  of  this  kind  consisting  of  400  fine  insulated 
wires,  ground  off  so  as  to  present  a  smooth  surface 
allowing  even  contact  with  the  skin.  This  forms  the 
active  electrode,  the  other  being  placed  indifferently. 
The  secondary  coil  of  a  faradic  apparatus  is  used. 

Beginning  at  zero  the  current  is  increased  until  the 
sensation  of  the  force  is  felt,  which  is  noted.  Then 
the  current  is  increased  until  pain  is  felt,  which  is  also 
noted.     The  corresponding  reaction  of  the  opposite  side 
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of  the  body  is  then  ascertained  and  comparisons  drawn. 

Examination  of  common  sensation  is  important  in 
locomotor  ataxia  where  the  sensibility  of  the  whole 
body-surface  is  decreased.  The  sensibility  to  pain  is 
generally  decreased  in  proportion  to  the  decrease  of 
general  sensibility,  but  in  some  cases  there  is  complete 
analgesia. 

In  diseases  unilateral  in  character  the  farado-cutane- 
ous  sensibility  will  show  a  distinct  difference  in  the 
sensibility  of  the  two  sides.  It  must  be  remembered 
that  cutaneous  sensibility  varies  in  different  area.s  of 
the  body-surface.  In  general,  organs  which  are 
hypersensitive  through  disease  are  more  sensitive  to 
the  current  than  when  in  health;  on  the  other  hand, 
when  tliere  is  a  loss  of  sensation  from  disease  there  is 
a  corresponding  loss  of  appreciation  of  electric  applica- 
tions. Accordingly  where  there  is  acute  inflammator\' 
action  there  is  intolerance  of  electricity,  and  when  there 
is  induration  or  atrophy  there  is  great  tolerance.  The 
different  sensitiveness  of  parts  in  health  should  be 
noted.  Electro-sensibility  is  particularly  marked  over 
prominent  nerve-tracts,  and  in  regions  having  great 
tactile  sensibility.  In  certain  diseases  particular  re- 
gions are  oversensitive  to  the  current.  Thus  the  epigas- 
tric region  is  abnormally  electro-sensitive  in  dyspepsia. 
Electro-sensibility  may  be  normal  when  there  is  a 
diminished  common  sensation.  In  posterior  spinal 
sclerosis  a  moderate  electric  current  may  be  perceived 
when  almost  complete  analgesia  exists. 

The  faradic  current,  owing  to  its  greater  mechanical 
power,  is  the  better  for  diagnostic  purposes.  The  gal- 
vanic supplements  the  faradic  current,  being  useful 
when  faradic  irritability  is  absent.  The  weakest  cur- 
rent to  produce  a   reaction   is   preferably  used.     The 
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diflference  in  the  poles  of  the  faradic  current  is  only 
relative,  the  reactions,  however,  are  greater  at  the 
"break"  than  at  the  "make"  (§  84)  and  the  current 
produces  more  pronounced  results  at  the  faradic  cathode 
(§  88,  §  86). 

335.  Pelvic  Diseases.  The  suspected  existence  of 
cystic  or  cancerous  degeneration  will  be  confirmed  by 
the  absence  of  responsive  symptomatic  improvement 
when  current  applications  are  made,  but  in  these  con- 
ditions no  post  operatory  disturbance  will  ensue.  A 
pelvic  pus  collection  contraindicates  the  use  of  elec- 
tricity, and  will  be  announced  by  post  operatory  symp- 
tomatic exacerbations.  Acute  inflammatory  action 
taking  place  in  any  part  of  the  pelvic  cavity  will  an- 
nounce itself  when  large  amperage  is  employed,  and 
more  especially  by  the  intrauterine  method. 

It  must  be  noted,  however,  in  this  connection,  that 
intensification  of  the  existing  symptoms,  or  even  the  cre- 
ation of  new  ones,  may  immediately  follow  electrical 
seances  at  the  commencement  of  treatment,  when  the 
ultimate  reactions  are  entirely  beneficial,  and  when  no 
contraindication  exists.  An  electro-therapeutist  should 
not  be  discouraged  in  any  case  by  the  want  of  success 
on  making  one  or  a  few  applications,  as  the  fault  may 
rest  with  the  dosage,  length  of  seance,  mode  of  appli- 
cation or  kind  of  current. 

336.  Feigned  Diseases.  Here  the  application  of 
the  electric  currents  are  of  use.  A  person  feigning 
paralysis  of  motion  or  sensation  cannot  resist  contrac- 
tion of  the  muscles,  nor  the  pain  produced  by  strong 
faradization;  on  the  other  hand,  the  question  in  favor 
of  disease  may  be  settled  by  such  application. 

Apparent  De.ath.  Electric  contractility  usually 
disappears  within  three  hours,  thus  it  will  be  seen  that 
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the  current  is  an  important  method  of  distinguishing 
death  from  apparent  death. 

Examination  of  the  Eye.  A  distinct  sensation  of 
light  and  perception  of  color  takes  place  with  a  current 
of  one  milliampere  applied  to  the  healthy  eye.  The 
eye  should  be  able  to  discern  between  the  positive  and 
negative  as  the  active  pole.  The  absence  of  perception 
of  color  or  of  light  itself,  and  the  inability  to  distin- 
guish the  poles,  point  to  inflammation  or  atrophy  of 
the  optic  nerve. 

The  method  of  procedure  in  making  examination  of 
the  eye  is  as  follows :  Place  a  flat  sponge  electrode  on 
the  back  of  the  neck,  on  the  side  of  the  eye  to  be  ex- 
amined, so  that  the  diflFusion  of  the  current  does  not 
afiect  the  other  eye ;  place  the  active  electrode  over  the 
closed  lid.  Both  eyes  should  be  closed  during  and  for 
a  few  minutes  before  the  examination,  or  the  examina- 
tion may  take  place  in  a  dark  room.  The  meter  used 
should  be  capable  of  measuring  a  fraction  of  a  milliam- 
pere. 


CHAPTER  XXXV 

GYNECOLOGICAL  ELECTRO-THERAPY 
General  Considerations 

337.  No  work  on  diseases  of  women  should  be  written 
without  paying  tribute  to  the  genius  of  Apostoli,  to 
whose  persistent  efforts  electric  currents,  as  applied  to 
pelvic  diseases,  have  been  put  on  a  scientific  basis. 
Apostoli's  successful  treatment  of  fibroid  tumors  by 
scientifically-applied  currents  did  more  to  attract  the 
attention  of  the  specialist  in  gynecology  than  any  other 
event  in  the  history  of  electro-therapeutics.  His  suc- 
cess, and  his  steadfast  advocacy  of  his  discovery, 
attracted  the  attention  of  the  most  eminent  surgeons, 
notably  Dr.  Thomas  Keith,  of  London,  who  was  the 
first  to  remove  large  numbers  of  fibroid  tumors  with 
the  knife,  and  who  afterwards  announced  in  his  work 
that  he  had  given  up  all  other  treatment  and  adopted 
that  of  Apostoli. 

Apostoli  was  the  first  to  demonstrate  that  powerful 
currents  could  be  introduced  into  the  body  painlessly 
and  effectually  by  diffusion  on  its  surface,  although  the 
idea  had  been  previously  conceived  by  Erb.  There  are 
two  essential  requisites  for  the  successful  application  of 
electricity  to  diseases  peculiar  to  women :  ( i )  A  special 
knowledge  of  pelvic  patholog}' ;  (2)  a  special  knowledge 
of  the  principles  of  electricity  as  a  therapeutic  agent. 
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It  is  because  of  a  deficiency  of  knowledge  on  the  part 
of  operators,  in  one  or  both  of  the  directions  iudicated, 
that  electricity  has  failed  to  become  popular  amongst  _ 
physicians  as  an  agent  in  the  pelvic  diseases  of  women.  1 
There  is  no  branch  of  medicine  or  surgery  where  the 
result  of  treatments  emphasizes  the  necessity  of  a  cor- 
rect diagnosis  and  a  rational  adjustment  of  the  agency 
to  the  pathological  condition,  as  in  electro-gynecology. 
Hence  there  are  failures,  hence  also  there  are  brilliant 
successes. 

The  claims  of  electricit}'  to  a  place  in  gynecological 
therapeutics  are  as  follows:     It  regulates  the  circula- 
tion of  the  whole  pelvic   cavity,  corrects   nutritional 
faults,    stimulates    functional    activity-,    stops    hemor 
rhage,  relieves  paiu,  destroys  microbes,  causes    retro, 
gressiou  of  benign   tumors,  and  in   its  action   alwa3'S 
tends  towards  the  normal,  thus  restoring  general  and 
local  health.     Electricity  when  scientifically  applied  is 
absolutely  without  danger  or  risk  of  either  mutilation 
or    more    unfortunate    results.     In    addition  its    gen- 
eral   sedative    action    in    allaying    the    accompanying 
nervous  hyperirritability  and  promoting  sleep  and  com- 
fort deserves  consideration.     The  galvanic,  faradic,  and  M 
static  forms  of  electricity  are  used  and  each  have  special 
advantages  in  nieetiug  indications  for  electrical  treat- 
ment in  gynecological  practice. 

338,  Central  Galvanization  is  a  powerful  stimulus 
to  the  organs  and  functions  generally,  and  is  of  special 
advantage  in  all  cases  where  the  rest  cure  is  indicated, 
reacting  locall}'  on  pelvic  pathological  conditions. 
This  and  other  methods  of  application  may  be  followed 
by  some  depression  or  dizziness  which  lasts  a  short 
time,  when  a  comfortable  warm  reaction  ensues. 
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H  General  Faradizalion .  The  current  of  high  tension 
for  its  general  tonic  eifect,  and  a  coarser  current  of 
quantity  for  its  mechanical  influence,  are  used  iu  this 
manner.  One  electrode  may  be  placed  under  the  feet, 
in  the  vagina,  or  indifferently,  and  the  other  applied  to 
different  points  of  the  body — to  the  breasts,  spinal  or 
abdominal  centers. 

Abdotnino- Dorsal  Applications.     These  are  applica- 
ble   when    there  is  an    accompanying    disturbance  of 
organs  such  as  the  liver,  bowels,  stomach,  etc.,  and  of 
the    abdominal    sympathetic    centers.      They    may    be 
substituted  for  vaginal  applications  when  introduction 
of  an  electrode  into  the  vagina  is  inadvisable. 
H       spinal  Applications.     These  are  valuable  in  amenor- 
rhea of  nervous  origin  where   direct  applications  are 
■  objectionable. 
Va^itial  Applications.      Gahanic.      One    electrode— 
the  active — is  placed  within  the  vagina  and  the  other 
indifferently    on    the    abdomen    or    back.     When    the 
active  pole  is   negative  the   electrode   may  be  of  any 
material ;  it  being  positive  necessitates  a  non-oxidizable 
substance  such  as  carbon,  clay,  etc. 
^ft       The   electrode    should    always  be  covered  by    some 
>       material  such  as  cotton,  which  should  be  well  moistened 
with   warm   water,   and   soaped.     The   selection  of  the 
I       active  pole  is  important,  depending  on  the  pathologi- 
^1  cal  condition  to  be  corrected. 

H  Vaginal  applications  are  useful  not  only  for  diseases 
^"  of  the  vagina,  but  sometimes  as  the  best  available 
method  of  concentrating  the  current  on  the  uterus  and 
adjoining  structures.  It  is  often  necessary  to  use 
large  currents — 100  or  150  milliamperes — and  the 
vaginal    mucous    membrane  should   be   carefully  pro- 
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tected  from  cauterization  by  an  efficient  electrode  cov- 
ering. 

Faradic  Vaginal  applications  may  be  either  monopolar 
or  bipolar.  That  is,  one  pole  may  be  placed  within  the 
vagina  and  the  other  in  an  indififerent  position ;  or  the 
bipolar  electrode — both  poles  on  one  instrument — may 
be  introduced  (Fig.  130).  The  current  from  the  bi- 
polar electrode  fills  the  whole  pelvic  cavity,  affecting 
the  nerves  distributed  to  the  lower  extremities,  and  is 
a  most  effective  means  of  applying  the  interrupted 
current  to  the  pelvic  organs.  This  method  is  confined 
to  faradization  and  not  available  with  the  galvanic  cur- 
rent. The  bipolar  method  has  the  advantage  of  having 
the  electrode  onlj'  in  contact  with  the  mucous  mem- 
brane, which  is  not  so  sensitive  to  the  current  as  the 
skin,  therefore  a  larger  current  is  tolerated.  Care 
should  be  taken  that  the  electrode  is  kept  in  position 
in  the  vagina,  as  it  is  apt  to  slip  backward,  when  the 
hinder  pole  will  come  in  contact  with  the  skin,  thus 
causing  pain.  \txy  large  currents  can  be  applied  in 
this  way,  and  applications  can  be  made  daily  with  ad- 
vantage. Vaginal  faradization  is  an  excellent  method 
of  influencing  the  sympathetic  system  when  there  is  a 
general  nervous  disturbance,  associated  with  pelvic 
ailment. 

lulrauterine  applications.  Galvanic,  These  are  al- 
ways monopolar,  the  active  pole  being  within  the 
uterine  cavity  and  the  indifferent  on  the  abdomen  or 
back.  The  electrodes  are  sound  shaped  and  insulated 
to  within  two  and  a  half  inches  or  less  of  the  point, 
thus  protecting  the  vagina.  Insulation  may  be  effected 
by  heating  the  sound  in  the  flame  of  an  alcohol  lamp 
and  covering  it  with  gum  sliellac;  or  by  enveloping 
part  of  a  common  uterine  sound  in  soft  rubber  tubing. 
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Too  great  care  cannot  be  taken  against  sepsis,  and 
exposing  the  electrode  to  the  flame  of  an  alcohol  lamp, 
or  placing  it  in  boiling  water,  is  a  good  method  of 
securing  asepsis.  The  intrauterine  portion  of  the 
sound  may  be  bare  or  covered  with  cotton,  the  covering 
tending  to  prevent  cauterization. 

For  the  negative  pole  any  available  conducting  ma- 
terial can  be  used ;  the  material  of  the  positive,  when 
only  the  action  of  the  current  is  required,  should  be 
platinum,  carbon,  or  gold. 

Metallic  cataphoresis  or  amalgam  cataphoresis  is  very 
useful  in  certain  cases  of  endometritis,  and  has  been 
recommended  by  Massey  for  incipient  cancer.  The 
amalgam  electrode  has  the  advantage  of  not  adhering 
to  the  tissues. 

As  a  rule  no  speculum  is  necessary,  and  the  dorsal 
position  is  the  one  most  available.  The  indiflferent 
electrode  is  made  of  clay  or  other  material,  and  is 
large  or  small  according  to  the  amount  of  current  and 
sensitiveness  of  the  skin.  Every  thing  connected  with 
the  battery  should  be  examined  before  turning  on  the 
current,  as  an  accidental  break  in  the  current  will 
cause  a  severe  shock  to  the  patient.  The  duration  of 
the  seance  may  be  from  five  to  twenty  minutes,  and 
the  strength  of  the  current  from  3  milliamperes  to  250. 

The  patient  having  assumed  the  obstetrical  position, 
the  muscles  relaxed,  and  the  skin  examined  for  lesions, 
which  if  existing  should  be  covered  with  paper  or  collo- 
dion, the  electrode  should  be  well  adjusted,  but  should 
not  touch  the  pubes,  and  the  clothing  should  be  pro- 
tected from  wet  by  a  towel.  The  intrauterine  electrode 
then  should  be  examined  and  gently  introduced.  The 
current  should  be  turned  on  gradually,  the  operator 
keeping  his  eyes  alternately  on  the  patient's  face  and 
the   milliampere meter.     On   the    first  sign  of  an  ex- 
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pression  of  uneasiness  on  the  part  of  the  patient  the 
controller  should  be  stopped.  A  slight  backward  move- 
ment will  relieve  pain.  When  the  pain  subsides  an 
advance  may  be  made  until  the  highest  tolerance  is 
reached,  or  the  desired  amount  of  current  obtained. 

Consciousness  of  the  current  at  the  internal  electrode 
shows  the  approaching  limit  of  tolerance;  and  internal 
pain  is  a  signal  for  caution,  or  that  the  limit  has  been 
reached.  On  the  other  hand,  pain  at  the  indifferent 
pole  is  a  notice  that  the  conducting  surface  is  at  fault, 
or  that  the  electrode  should  be  enlarged  in  area.  When 
the  milliamperemeter  has  marked  its  highest  it  should 
be  kept  there  steadily  for  the  required  time,  and  then 
the  current  gradually  lessened;  remembering  always 
that  if  too  rapidly  withdrawn  the  reverse  or  polarized 
current,  causing  first  of  all  depolarization,  and  then 
polarization  in  the  opposite  direction  of  the  molecules 
of  the  tissues,  will  produce  a  shock  to  the  patient. 
The  patient  should  rest  for  some  hours  after  treat- 
ment, and  should  be  warned  that  there  may  be  some 
reaction,  that  she  may  have  abdominal  pains  followed 
by  soreness,  and  that  there  may  be  a  temporary 
leucorrhea. 

Contraindications.  Pregnancy,  acute  inflammations 
of  the  uterus,  or  aduexa,  or  pelvic  pus  collections,  con- 
traindicate  the  intrauterine  method  of  applying  cur- 
rents. After  the  pus  cavity  is  evacuated,  or  the  acute 
inflammatory  symptoms  subside,  intrauterine  applica- 
tions may  be  employed. 

3^9.  Faradic  Intrauterine  Applications.  These  ma}' 
be  monopolar  or  bipolar,  and  may  be  either  high  or  low 
in  tension,  with  rapid  or  slow  interruptions.  The  sin- 
usoidal current  may  be  used.  Faradic  applications  are 
useful  in  finishing  a  galvanic  seance  where  disturbance 
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is  anticipated  from  large  dosage.  For  the  same  pur- 
pose faradic  seances  may  alternate  with  galvanic.  In 
the  latter  case  vaginal  faradization  is  preferable  to 
intrauterine. 

In  general,  when  intrauterine  applications  are  indi- 
cated the  treatment  should  be  initiated  by  vaginal 
applications  of  either  the  galvanic  or  faradic  current, 
thus  gaining  the  confidence  of  the  patient,  estimating 
her  idiosyncratic  tendencies,  and  mauifesting  contra- 
indications to  the  more  disturbing  intrauterine  method, 
or  to  pelvic  electric  applications. 

Static  or  Franklinic  Applications.  Whenever  there 
is  constitutional  involvement  associated  with  pelvic  dis- 
ease, whether  the  general  condition  stands  in  the  rela- 
tion of  cause  or  effect  to  the  local  trouble,  static 
electricity  is  indicated.  The  improvement  in  the  gen- 
eral health  will  be  associated  with  a  corresponding 
local  reaction,  whether  the  impairment  is  manifested 
as  neuralgia,  anemia,  neurasthenia,  dyspepsia,  or  the 
various  menstrual  derangements  such  as  amenorrhea, 
raenorrhagia  or  dysmenorrhea.  Static  electricity  will 
aid  local  treatment  in  cases  of  fibroids,  endometritis, 
metritis,  displacements,  oophoritis,  and  more  especially 
in  functional  disorders  attending  the  menstrual  period. 
In  cases  of  long  standing  static  electricity  is  beneficial, 
generally  in  a  degree  beyond  that  attained  by  any  other 
remedy. 


340.  Inflammation  oh  the  Cervix 

{Chronic  Endoceniicitis;  Chronic  Cervicitis) 

Causes. — Catarrhal  inflammation  of  adjoining  st  ruct 
nres,  gonorrhea,  sepsis,  laceration,  and  displacement  of 
uterus  are  causes.     Imperfect  involution  after  labor  or 
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miscarriage,  and  scrofulous  or  tuberculous   diathesis 
predispose. 

Symptoms.  —  Leucorrhea,  thick,  tenacious  and 
opaque,  often  profuse,  rarely  purulent  or  bloody,  is 
usually  present.  Backache  and  discomfort  around 
pelvis  are  often  present",  and  there  may  be  considerable 
local  tenderness.  The  cer\ix  is  frequently  swollen  and 
eroded,  the  squamous  epithelium  exfoliating  around 
the  OS,  Hue  to  the  extension  of  the  iuflarainatory 
process.  The  racemose  glands  become  obstructed  and 
cysts  form — cystic  degeneration.  There  may  be  pro- 
lapse of  the  endometrium  and  later  sclerosis. 

Treatment. — To  relieve  the  tenderness  is  the  first 
indication,  and  this  may  be  done  by  sedative  faradiza- 
tion, monopolar  or  bipolar.  If  the  secretion  is  thick 
and  tenacious  use  negative  galvanization,  or  negative 
cataphoresis  of  iodine.  A  dosage  of  about  fifteen 
milliamperes  for  five  to  ten  minutes  is  sufficient. 
After  the  membranes  are  cleansed  and  secretion  thinned 
by  negative  galvanization,  use  zinc,  copper  or  mercu- 
rial cataphoresis,  or  in  light  cases  merely  positive 
galvanization.  Sedative  faradization  can  follow  the 
galvanic  seance  or  the  induced  current  can  be  used 
exclusively  at  a  sitting  so  as  to  meet  the  sj'raptoms, 
general  or  local.  Tampons,  hot  douches  and  other 
treatment  can  be  kept  up. 

When  sclerosis  has  taken  place  the  negative  current 
is  indicated.  Scars  can  be  softened  by  the  negative 
electrolysis,  and  erosions  and  even  ulceration  benefited 
by  negative  stimulation,  through  the  improvement  of 
the  local  nutrition. 

When  the  tissues  are  soft  and  cedeniatous  the  posi- 
tive pole  is  the  better,  using  the  platinum  electrode. 
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341.    Diseases  ok  the  Body  of  the  Uterus 

{Simple  Endometritis;  Chronic  Endometritis;  Exfo- 
liative Endometritis;  Chronic  Metritis) 

Causes.  These  are  retention  of  septic  material, 
extension  of  cervical  disease,  displacements,  subinvolu- 
tion, and  laceration  of  the  cervix.  AflFections  of  the 
uterus  are  often  accompanied  by  ovarian  and  tubal 
disease. 

Symptoms.  The  menstrual  period  is  usually  longer 
and  the  flow  more  profuse.  Hemorrhage  may  be  inter- 
menstrual. The  secretion  is  thin,  purulent  and  often 
bloody,  and  frequently  offensive.  There  may  be  con- 
stant paiu  which  is  increased  by  long  standing,  and  by 
the  occurrence  of  the  menses.  General  debility  is  often 
pronounced  and  may  be  accompanied  by  nervous  affec- 
tions and  mental  depression.  Sterility  or  a  tendency  to 
abortion  may  exist. 

Physical  examination  shows  enlarged  uterus  and 
tenderness  of  the  fundus.  The  external  os  is  patulous 
when  there  is  cervical  disease;  the  external  os,  cervical 
canal  and  internal  os  when  corporeal  disease  is  present. 
If  exfoliative  endometritis  exists  the  diagnosis  is  made 
from  the  characteristic  membrane. 

Treatment.  For  a  simple  recent  endometritis  the 
sedative  action  of  bipolar  faradic  applications  is  effica- 
cious, and  in  young  women  external  application  of  the 
galvanic  is  often  adequate.  Begin  the  treatment  of 
chronic  cases  by  vaginal  faradic  sedative  applications, 
until  sensitiveness  of  the  structures  is  removed,  then 
attack  the  disease  by  intrauterine  galvanization.  If 
cauterization  of  the  endometrium  is  intended,  or  deep 
interpolar  electrolytic  action  is  desirable,  use  the  plati- 
num electrode,  positive  pole,  with  the  high  dosage  of 
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from  thirty  to  one  hundred  mil.  for  seances  lasting  from 
five  to  ten  minutes. 

If  a  germicidal  action  on  the  endometrium  is  re- 
quired, metallic  cataphoresis  of  zinc,  copper,  or  of  these 
amalgamated  with  mercury,  with  medium  dosage  of  ten 
to  fifty  milliauiperes,  and  during  seances  of  ten  to 
fifteen  minutes,  can  be  employed.  Negative  cataphore- 
sis of  iodine  is  useful.  The  dosage  is  important,  and 
small  currents  are  often  very  effective.  Sedation,  reg- 
ulation of  the  pelvic  circulation,  stimulating  muscular 
contractions,  cauterization  of  the  endometrium,  elec- 
trolysis of  the  deeper  tissues,  or  the  germicidal  effect 
of  metal  or  iodine  cataphoresis  may  one  or  all  be  indi- 
cated, 

When  there  is  hemorrhage  the  positive  pole,  thirty  to 
100  milliamperes — section-application  if  necessary — is 
effectual.  Subinvolution  is  quickly  reduced  by  electric 
treatment,  the  best  method  being  intrauterine  positive 
galvanization,  aided  by  faradic  muscular  stimulation. 
If  sepsis  exists  mercurial  cataphoresis  is  the  proper 
application. 

When  there  is  a  hyperplasia  with  degeneration  of 
muscular  tissue  the  negative  pole  ought  to  be  selected, 
alternating  with  faradic  stimulation.  When  the  secre- 
tion is  thick  and  tenacious  it  may  be  thinned  by  the 
action  of  the  negative  pole,  and  subsequently'  checked 
by  positive  polar  applications. 

Atrophy  of  the  uterus  with  premature  menopause 
calls  for  the  negative  current.  Massey  recommends 
zinc-mercury  cataphoresis. 

When  laceration  of  the  cervix  exists  it  ma^'  be  advis- 
able to  repair  it.  The  surgical  operation,  however, 
often  fails  to  remove  the  symptoms,  while  with  or  with- 
out repair  electricity  will  produce  a  symptomatic  cure. 
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Comparison  of  the  following  cases  is  instructive: 

Mrs.  J.,  age  39  years,  had  been  operated  on  for  lacer- 
ated cervix.  She  had  been  sufifering  from  headaches, 
backaches,  and  pain  and  a  feeling  of  heaviness  in 
lower  extremities.  With  the  exception  of  being 
"  lighter  on  her  feet "  there  was  no  amelioration  of  the 
symptoms  after  the  operation.  Four  years  afterward  I 
was  called  to  see  her  and  found  her  miscarrying  at  the 
third  month.  She  had  had  irregular  pains  for  three 
weeks  with  considerable  hemorrhage.  The  uterine 
cavity  was  emptied  and  everything  went  well.  About 
six  weeks  after  this  she  consulted  me  at  ray  office  on 
account  of  excessive  and  prolonged  menstruation. 
Examination  showed  the  cavity  of  the  uterus  to  be 
three  and  three-quarters  inches  in  length,  and  escaping 
from  the  os  was  a  profuse  sanguineous  discharge.  She 
complained  of  headache  and  backache. 

Positive  intrauterine  galvanization  was  applied,  and 
as  she  tolerated  the  current  well  it  was  allowed  to  reach 
seventy-five  milliamperes.  During  the  next  three 
weeks  she  received  eight  such  applications,  generally 
succeeded  by  the  slowly  interrupted  induced  current. 
The  menstruation  then  due  was  normal,  and  at  the 
succeeding  visit  the  measurements  of  the  uterus  were 
also  normal.  The  patient  stated  that  she  felt  better 
than  she  had  for  four  years.  Irregular  treatment  was 
given  for  two  months  more,  when  she  was  dismissed  as 
cured. 

Mrs.  R.,  age  28  years,  had  four  children.  After  her 
last  confinement  she  had  felt  miserable,  with  pain  and 
weakness  of  back,  pain  over  bladder  and  ovaries,  and 
headache.  One  year  subsequent  to  this  confinement 
she  had  a  miscarriage  induced  by  her  condition.  When 
the  menses  next  appeared  she   flowed  for  two  weeks, 
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and  for  this  she  consulted  me  at  my^  office.  Examina- 
tion showed  a  unilateral  laceration  of  the  cervix  involv- 
ing the  whole  of  the  intravaginal  portion.  The  ovaries 
and  tubes  were  tender  and  congested,  the  uterus  en- 
larged and  giving  exit  to  a  bloody  discharge.  I  gave 
her  a  positive  intrauterine  galvanic  application  of  thirty 
mil.  for  ten  minutes.  Next  day  the  application  was 
increased  to  seventy-five  mil.  The  applications  were 
then  repeated  every  second  day  for  the  next  week,  and 
then  twice  a  week  until  next  menstruation,  which  was 
profuse  and  lasted  eight  days.  During  next  mouth 
she  received  six  intrauterine  galvanic  applications, 
alternating  with  the  slowly  interrupted  induced  current 
of  quantity.  The  menstrual  flow  then  became  normal, 
the  tenderness  of  the  ovaries  and  tubes  disappeared,  the 
uterus  was  normal  in  size,  and  the  patient  felt  better 
than  she  liad  for  two  years.  She  has  since  borne  two 
children  at  full  term,  aud  feels  comfortable  and  well. 

In  comparing  these  two  cases  it  is  found  that  both 
had  laceration  of  cervix.  No  i  was  operated  on ;  No.  2 
was  not;  both  contintied  equally  to  suffer.  Both  mis- 
carried. Both  were  ultimatel}-  relieved  b}-  electrical 
treatment.  The  author  is  not  to  be  understood  as  ad- 
vocating surgical  non-interference  in  such  cases;  but 
surgeons  who  operate  for  the  purpose  of  relieving  cer- 
tain symptoms  and  fail,  should  understand  that  there 
is  an  infallible  agent  in  electricity  for  accomplishing 
s\miptoraatic  cures. 

The  comparison  also  proves  that  the  laceration  does 
not  directly  cause  pain,  but  may  set  up  other  conditions 
which  produce  the  pain,  and  although  the  first  cause  be 
removed  the  sequential  pathological  conditions  may  re- 
main ;  further  the  electrical  current  is  capable  of 
removing  sequential  pathological  conditions  and  syrap- 


§342  GYNECOLOGICAL  ELECTRO-THERAPY  571 

toms,  and  by  strengthening  the  parts  it  enables  them  to 
resist  the  encroachment  of  subsequent  disease. 

An  important  consideration  in  connection  with  pelvic 
pathological  conditions  in  which  cervical  laceration  is 
a  prominent  feature,  is  that  when  the  latter  takes  place 
the  parts  are  weakened  and  enlarged  by  pregnancy. 
The  employment  of  electricity  so  as  to  bring  about  a 
proper  involution  will  render  the  laceration  harmless ; 
this  I  have  often  demonstrated  in  extreme  cases. 

342.    Diseases  of  the  Fallopian  Tubes 

{Metrosalpingitis;  Salpingitis;  Purulent  Salpingitis; 
Pyosalpinx;  Hydrosalpinx ;  Hematosalpinx) 

Symptoms  and  Diagnosis.  The  diagnosis  of  disease 
of  the  Fallopian  tubes  sometimes  cannot  be  made,  ex- 
cept by  exploratory  incision.  Continuous  pain  is  gen- 
erally present,  referred  to  the  ovarian  region,  and  is 
increased  on  standing.  The  pain  is  also  increased 
during  menstruation,  and  by  coitus.  Menorrhagia  may 
be  present. 

Causes.  Miscarriage  and  gonorrhea  are  the  most 
frequent  causes. 

Treatmeut.  Without  in  any  way  endangering  the 
patient,  tentative  application  of  electricity  may  be  tried, 
and  in  a  fair  proportion  of  the  cases  wonderful  results 
ensue. 

The  high  tension  faradic  current,  intravaginally  ap- 
plied, and  with  a  strength  so  that  the  patient  just  feels 
the  current-sensation,  will  often  eflfect  a  cure.  The 
patient  is  apt  to  feel  dizzy,  "queer"  immediately  after 
the  application ;  this  should  be  predicted,  and  ex- 
plained beforehand.     This  condition  is  often  followed 
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by   improvement   which    induces  the   patient   to   come 
again  for  treatment. 

When  tlic  endometrium  is  diseased  it  shovild  be 
treated  :  Hy  positive  galvanization  if  inflamed;  by  neg- 
ative galvanization  if  drainage  is  required.  In  all 
cases  employ  minute  dosage.  A  few  treatments  will 
enable  an  experienced  electro-therapeutist  to  make  a 
differential  diagnosis,  which  will  be  valuable  in  point* 
ing  out  the  indications  for  further  treatment. 
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Oophoritis 


Causes.  Extension  of  inflammation  through  the  Fal- 
lopian tube,  septic  infection  by  the  lymphatics  of  the 
uterus,  gonorrhea,  suppression  of  menstruation,  and 
acute  rheumatism  are  the  principal  causes. 

Sywp/oms.     Bimanual  examination  reveals  the  ovary 
enlarged  and  tender.     Pain  is  present  and  is  increased 
by  the  erect  position,  by  exercise,  coitus  and  defecation 
Pain  is  increased  during  the  menstrual  flow,  especially^ 
immediately  before  and  at  its  commencement,  and  may™ 
be  relieved  by  profuse  flowing.     Loss  of  appetite,  vom- 
iting, and  mental  depression  may  be  accompaniments. 
Oophoritis  may  cause  sterility. 

Treatment,  Vaginal  bipolar  or  monopolar  faradiza- 
tion, high  tension  and  rapid  vibration  daily  applied  is 
of  great  service.  The  rapid  vibrations  render  the  nerve 
incapable  of  conducting  painful  impressions,  and  there 
is  a  resulting  muscular  relaxation  and  lessened  ten- 
sion. After  the  sensitiveness  to  pressure  has  been  re-^ 
lieved  the  galvanic  current  may  be  used,  employiiigM 
small  dosage  at  first,  but  gradually  increasing.  Coin- 
cidently  with  electric  treatment  there  should  be  given 
attention   to  the  bowels,  and  to  the  removal   of   other 
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causes  or  accompanying  troubles.  If  the  ovary  is  pro- 
lapsed support  it  with  a  tampon. 

When  atrophy  has  taken  place  apply  the  negative  as 
the  active  pole.  If  hyperplasia  exists  the  positive  pole 
is  indicated.  This  pole  is  also  indicated  when  there  is 
much  sensitiveness ;  the  negative  is  the  pole  to  be  used 
for  the  removal  of  adhesions  and  chronic  hyperplasia 
when  there  is  not  much  tenderness. 

Even  when  degeneration  has  taken  place  much  can 
be  done  with  electricity.  Place  the  positive  pole  of  the 
galvanic  current  in  the  vagina  against  the  ovary,  and 
the  negative  indifferently.  Commence  with  small  cur- 
rents as  tolerated,  and  raise  until  loo  milliamperfes  are 
borne.  Use  faradic  bipolar  sedation,  in  alternation 
with  the  galvanic,  if  necessary. 

344.  Uterine  Displacements 

{Anieversion;  Anteflexion;  Retroversion; 
Retroflexion;  Prolapse) 

In  the  treatment  of  displacements  of  the  uterus  it  is 
important  to  ascertain  the  causes  and  the  accompanying 
lesions,  the  removal  of  these  being  the  first  step  in 
successful  treatment.  The  causes  of  displacement  are 
congestion,  hyperplasia,  and  laceration  or  atrophy  of 
the  supports.  Parturition  is  a  frequent  initiatory  cause. 
After  miscarriage  or  labor  there  may  be  unequal  invo- 
lution causing  displacement.  Laceration  of  the  peri- 
neum, by  impairing  the  pelvic  floor  and  allowing  the 
vaginal  wall  to  prolapse,  results  in  displacement.  In- 
flammatory adhesions  may  draw  the  uterus  out  of  posi- 
tion. Passive  congestion  from  impaired  circulation  is 
often  a  cause.  The  uterus  may  be  fixed  in  its  abnor- 
mal position  by  inflammatory  exudation. 
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Symptoms.     These  are  backache,   headache  on  sum- 
mit or  occiput,  and  weight  or  a  dragging  sensation  in 
the  pelvis.     Ovarian  pain  may  be  present.     Irritability 
of  the  bladder  and  constipation  are  frequentlj'  asso-. 
ciated. 

Treatment.     The  successful  use  of  electricity  in  dis- 
placement rests  on  its  power  of  sedation  to  painful  and 
inflammatory  conditions,  on  its  liquefj-ing  and  absorb- 
ing exudations^  and  on  its  stimulating  action  on  mus- 
cular tissue.     By  its  electrolytic,  cataphoretic  and  elec- 
trotonic   properties    these    results    are    accomplished. ■ 
Scientifically-applied  currents  must  of  necessity  vary^ 
as  to  the  method  according  to  the  symptoms  present,    , 
and  to  obtain  the  desired  degree  of  success  requires  afl 
special  knowledge  of  gynecological  pathology  added  to" 
a  special  knowledge  of  electro-therapj'. 

It  is  essential  for  the  success  of  the  treatment  that  at 
its  commencement  particular  attention  be  given  to  the 
hj'perplasia,  or  to  its  causes,  which  may  be  an  endome- 
tritis or  other  coexisting  inflammation.     The  distress 
and  painful  symptoms  which  the  patient  complains  of  _ 
will  thus  be  relieved.     At  the  same  time  a  concurrent^ 
treatment  may  be  instituted  to  strengthen  the  muscular 
supports,     A  mojuent's  reflection  will  at  once  convince 
anyone  that  merely  replacing  the  uterus  by  means  of  a 
pessary  will  tend  to  add  to  the  insufficiency  of  the 
muscular    structures    by  relieving  them  of   function, 
whereas  the  reverse  is  the  case  by  employing  electric  J 
gymnastic  treatment.     The  one  tends  to  bring  about  a^ 
physiologic  state,  the  other,  by  causing  atroph}-  of  the  j 
muscular  layer  of  the  vagina  and  round  ligaments,  ^ 
hastens  fatty  degeneration,  thus  tending  to  render  the 
primary  lesions  permanently  incurable. 
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Painful  and  inflammatory  conditions  need  to  be  sub- 
•dued  by  vaginal  applications,  using  the  positive  pole 
of  the  galvanic  current  or  the  high  tension  faradic  cur- 
rent— monopolar  or  bipolar  applications.  If  the  uterus 
is  fixed  in  its  abnormal  position  vaginal  applications 
should  be  made  until  a  certain  degree  of  mobility  is 
obtained,  when  the  negative  pole  for  its  power  of  soften- 
ing exudations  and  promoting  absorption  is  indicated. 
After  there  is  a  certain  degree  of  mobility  the  intra- 
uterine method  may  be  employed,  but  this  will  vary  as 
to  dosage,  polarity,  and  length  of  seance,  according  to  the 
sensitiveness  of  the  endometrium,  and  according  to  the 
existence  or  non-existence  of  an  endometritis.  Carefully 
applied  positive  currents  of  small  amperage  will  soon 
overcome  the  sensitiveness  of  the  membrane,  and  then 
the  negative  pole  can  be  used  for  its  liquefying  effects. 
Vaginal  treatment  can  be  interspersed,  if  necessary, 
with  intrauterine  applications,  thus  correcting  any 
unpleasant  results  of  treatment  by  the  latter  method. 
When  there  are  no  acute  symptoms,  or  when  those 
present  have  been  subdued,  for  the  breaking  up  of  the 
adhesions  negative  electrolysis,  assisted  by  the  slowly 
interrupted  faradic  current,  should  be  resorted  to. 
Contractions  and  relaxations,  say  sixty  times  a  minute, 
produced  by  the  coarse  current  on  the  pelvic  muscular 
tissue,  have  a  powerful  influence  in  breaking  up  the 
adhesions;  the  whole  pelvis  is  seen  to  vibrate  under 
current  influence.  However,  caution  must  be  had  in 
using  this  current,  for  if  there  exist  any  pelvic  acute 
inflammatory  action  harm  may  ensue. 

A  thick  tenacious  uterine  secretion  calls  for  the 
liquefying  action  of  negative  galvanization  even  if 
positive  polar  sedation  were  otherwise  indicated,  in 
which  event  the  current  should  be  small.    The  catarrhal 
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secretion  being  thinned,  the  endometrium  cleansed, 
and  the  canal  rendered  patulous  for  drainage  by  ca- 
thodal applications,  the  anode  will  be  more  effectively 
applied. 

In  uncomplicated  cases  of  displacements,  or  when  all 
complications  have  been  removed,  and  the  uterus  re- 
placed, the  problem  to  be  solved  is  how  to  strengthen 
the  supports  so  as  to  enable  the  organ  to  maintain  its 
natural  position.  As  an  aid  to  the  electrical  treatment 
the  temporary  use  of  the  pessary  may  be  called  for; 
or  cotton  or  wool  tampons  may  be  employed.  In  some 
cases  electrical  treatment  alone  is  effective.  If  a  pes- 
sary is  used  it  should  be  dispensed  with  as  soon  as 
possible,  remembering  always  that  electrical  stimula- 
tion of  the  muscular  structure  is  the  key  to  success. 
As  an  aid  to  electrical  treatment  practicing  the  knee- 
chest  position  will  be  of  immense  advantage  to  the 
patient  in  prolapsus  and  retrodisplacements,  and  she 
ought  to  be  instructed  to  do  so  frequently. 

For  the  purpose  of  restoring  the  muscular  structure 
to  its  natural  vigor  the  faradic  current  is  the  best.  For 
this  purpose  monopolar  or  bipolar  iutravaginal  or 
intrauterine  applications  are  the  best  methods.  The 
weakened  part  of  the  uterine  muscular  structure 
should  receive  attention  and  the  poles  placed  so  as  to 
allow  the  current  to  pass  through  that  portion.  Thus 
in  retrodisplacements  the  external  electrode  should  be 
placed  on  the  abdomen  ;  and  in  antedisplacements  on 
the  back,  or  in  the  rectiira;  the  active  pole  being  intra- 
uterine in  position  if  possible;  if  not  its  position  should 
be  iutravaginal,  on  the  opposite  side  of  the  cervix  to  the 
external  electrode  i  or  the  intrauterine  bipolar  electrode 
ma}'  be  used.  Tripier's  method  of  introducing  a  pole 
into  the  bladder  in  retrodisplacements  is  not  altogether 
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desirable,  nor  do  the  advantages  of  the  method  balance 
the  disadvantages ;  it  may  however  be  resorted  to  in 
stubborn  cases. 

An  important  consideration  is  the  effect  of  the  length 
f  the  seance  on  muscular  reactions.  The  muscular 
fibers  should  not  be  exhausted  by  the  duration  of  the 
application.  Three  minutes  is  sufficient  time  to  subject 
a  muscle  to  vigorous  contractions  for  the  purpose  of 
nutritional  stimulation.  In  cases  of  slight  displace- 
ment with  constriction  of  the  internal  os  the  author 
favors  galvanic  negative  applications,  small  dosage  of 
three  to  ten  milliaraperes,  and  short  seances  of  three  to 
ten  minutes.  An  important  object  is  to  keep  the  os 
patent,  so  that  pregnancy  may  occur,  if  this  is  desirable. 
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Fibroid  Tumors 


Treatment.  The  pathology  of  tumors  has  already 
been  considered.  As  lowered  vitality  of  the  uterine  struc- 
ture is  a  factor  in  the  causality  of  the  neoplastic  growth, 
and  as  all  vital  forces  are  akin  to,  and  interchangeable 
with  electric  force,  the  latter  standing  in  somewhat  the 
same  relation  to  the  former  as  inorganic  to  organic 
chemical  processes,  being  the  same  in  principle  but 
simpler  in  character,  there  can  be  no  doubt  but  tliat 
electrical  applications  have  a  modifying  influence  on 
vital  processes.  Let  us  consider:  Electricity  acts  on 
such  tissues  as  fibrous,  and  in  general  on  proliferating 
cells,  merely  by  electrolysis;  whilst  on  the  nerves  and 
muscles  it  imparts,  in  addition  to  electrolytic  action,  a 
physiological  stimulus  in  accordance  with  their  dif- 
ferentiated properties.  Electricity,  therefore,  by  its 
electrolytic  action  inhibits  the  proliferating  power  of 
the  tumor-cell  while  at  the  same  time  it  stimulates  the 
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physiological  processes  of  normal  muscular  and  nerve 
tissue,  lessening  the  aggressiveness  of  the  former  and 
increasing  the  resisting  power  of  the  latter,  thus  tend-  _ 
ing  to  re-establish  the  healthy  equilibrium.  fl 

Electricity  also  stimulates  the  absorbents,  thus 
keeping  step,  in  producing  elimination  of  the  waste 
products,  with  the  electrolytic  disintegration  set  up  in 
the  tumor.  Furthermore,  its  constrictive  influence  on 
the  muscular  coats  of  the  arterioles  within  the  tumor- 
mass,  and  the  contraction  of  the  blood  vessels  at  the 
pedicle,  thus  restrictiug  its  main  supply  by  partial 
ligation,  starves  the  neoplasm  by  controlling  the 
lymph  or  blood  stream  on  which  it  feeds.  When  ap- 
plied to  tumor-growths  electricity  increases  the  arterial 
tension,  increases  the  blood  pressure,  but  lessens  the 
total  quantity  of  blood  supply,  thus  producing  temper- 
ature and  pressure  changes  approaching  normal  circu- 
latory conditions.  It  is  apparent  that  the  intrauterine 
method  of  application  is  the  most  effective.  This 
method  places  the  densest  part  of  the  current  at  the 
pedicle  of  the  tumor,  where  a  powerful  effect  on  the 
circulation  is  needed.  The  shrinkage  of  the  mass  soon 
follows  the  initiation  of  treatment;  and  relief  of  the 
nen'es  from  pressure,  and  the  reduction  of  the  in- 
flammator}'  processes  render  a  welcome  symptomatic 
improvement.  However,  the  whole  tumor  ought  to  be 
brought  under  the  influence  of  the  current :  Thus 
each  cell  is  an  electrolyte,  each  fiber  is  stimulated 
physiologically,  each  arteriole  contracts,  blood  pressure^ 
throughout  the  mass  is  raised,  metabolism  is  changed^fl 
a  more  intense  anabolism  is  promoted,  a  destructive 
katabolism  is  initiated,  and  the  field  cleared  of  the 
katabolites  by  the  stimulation  of  the  lymphatics.  The 
summation  being  that  a  degenerative  cell  is  torn  apart; 
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and  a  normal  cell  is  built  up,  by  increased  pressure 
and  by  ions  produced  by  electric  and  nerve  action. 
Furthermore,  the  direction  of  osmosis  may  be  changed, 
and  the  neoplasm  deprived  of  the  essential  nutritive 
elements  for  segmentation. 

Hemorrhage  exists  in  the  majority  of  cases  owing  to 
diseased  conditions  of  the  endometrium  and  the  in- 
creased supply  of  the  blood.  This  is  more  common  in 
the  submucous  variety  and  in  myomata  than  in  fibro- 
mata. Its  control  is  effected  by  cauterization  of  the 
endometrium  by  intrauterine  galvanization,  especially 
by  the  sectional  method  of  Apostoli,  or  b}'^  mercurial 
cataphoresis. 

All  fibroid  tumors  situated  within  the  pelvis  yield 
ymptomatically,  and  to  a  large  extent  anatomically  to 
electric  treatment.  The  subperitoneal  variety  when 
confined  to  Douglas's  cul-de-sac  yields  to  vaginal  punc- 
ture, and  to  simple  iutravaginal  applications,  the  lat- 
er being  preferable.  Intrauterine  applications  when 
available  are  also  effective.  The  subperitoneal  variety 
when  large,  and  not  within  the  pelvic  cavity,  has  been 
subjected  to  abdomixial  puncture  with  success,  but  gen- 
erally these  cases  should  be  referred  to  the  surgeon. 

If  a  contraindication  to  laparotomy  should  exist 
abdomino-vaginal  applications  should  be  tried. 

Submucous  cases  when  not  too  large  are  suitable  for 
electric  treatment,  which  should  be  stimulation  of  the 
normal  pelvic  elements  so  that  they  resist  further  en- 
croachment. Under  electric  treatment  they  become 
more  pedunculated,  and  if  surgical  interference  is  found 
necessary  are  more  easily  dealt  with. 

The  intramural  or  interstitial  fibroids  are  the  class 
most  amenable  to  electric  treatment,  which  is  soon  fol- 
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lowed  by  symptomatic  cure  and  considerable  diminution     , 
in  size  of  the  tumor.  M 

Contraindications.  Pelvic  pus  cavities  absolutely  con- 
traindicate  electric  treatment.  Acute  inflammatory 
action  should  first  be  subdued  by  vaginal  treatment 
before  intrauterine  treatment  is  undertaken.  Fibro- 
cystic tumors  of  the  ovaries  or  tubes  are  not  benefited 
by  current-applications  although  no  post  operative  dis- 
turbance is  set  up,  and  the  same  may  be  said  of  fibroids 
complicated  with  ascites;  and  also  of  soft  gelatinous 
fibroids  where  the  muscular  tissue  has  nearly  disap- 
peared. 

The  experienced  operator,  carefully  approaching  his 
case  with  low  intensities,  will  be  able  to  discover  these 
contraindications,  and  at  the  same  time  difierentially 
diagnosticate  the  accompanying  conditions,  without 
disadvantage  to  the  patient.  Some  cases,  contrary  to 
expectation,  will  give  favorable  results — ascites  may 
be  absorbed,  inflammatory  action  allayed,  a  fibro-cyst,  aj 
pus  cavity  or  a  periuterine  lesion  diagnosed. 

The  faradic  current,  especially  of  high  tension  with 
rapid  vibration,  is  useful  in  allaying  irritation,  either 
of  a  hysterical  character  or  when  set  up  by  galvanic 
applications.  The  slowly  interrupted  induced  current 
is  useful  in  stimulating  normal  muscular  fibers.  Far- 
adization may  be  employed  with  advantage  in  alternate 
seances  with  galvanization,  and  its  action  is  of  the 
greatest  importance.  Practicallj'  being  devoid  of,  or 
having  slight  electrolytic  action,  it  nevertheless  does 
subsidiary  but  none  the  less  essential  work  in  stimu- 
lating the  lymphatics,  promoting  the  absorption  of 
electrolytic  products,  allaying  nervous  irritability,  and 
in  general  doiug  preparatory  work  for  the  next  gal- 
vanic seance. 
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Results  of  Electric  Treatment.  Apostoli  treated 
several  hundred  cases  and  reported  permanent  benefit 
in  ninety-five  per  cent  of  his  cases.  Keith,  formerly  of 
Edinburgh,  afterwards  of  London,  reported  even  better 
results  than  Apostoli. 

G.  B.  Massey  reported  over  fifty  cases  treated  by 
electricity,  which  he  divided  into  five  classes  as  follows : 

1.  Cases  of  complete  anatomical  and  symptomatic 
cure,  7. 

2.  Cases  of  partial  anatomical  and  complete  symp- 
tomatic cure,  22. 

3.  Cases  of  symptomatic  cure  without  anatomical 
change,  7. 

4.  Cases  of  neither  anatomical  nor  symptomatic 
change,  2. 

5.  Cases  made  worse  by  treatment,  i. 

I.  R.  Kellogg  reported  60  cases,  as  follows : 

1.  Complete  cure,  14. 

2.  Diminished  in  size  and  symptomatically  cured,  17. 

3.  Size  not  diminished  but  symptomatically  cured,  11. 

4.  Size  not  diminished  and  other  symptoms  but 
slightly  relieved,  5. 

5.  Cases  in  which  electricity  was  not  fairly  tried,  4. 
He  also  reported  three  cases  not  benefited,  and  one 

case  made  worse. 

The  author  reports  four  cases,  all  of  which  were 
symptomatically  cured,  and  in  two  the  tumor  entirely 
disappeared. 

Electricity  may  be  employed  in  a  large  variety  of 
cases  of  fibroid  tumors  with  benefit,  and  cases  where 
operative  measures  are  necessary  no  harm  is  done  by 
its    employment.      The    surgical   operation,   however, 
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should  not  be  delayed  when   it  becomes  evident  that 
relief  cannot  be  obtained  by  other  means. 

346.   Operative  Methods.     The  same   antiseptic  pre-] 
cautions  should  be  taken  as  before  a  surgical  operation. 
Specific  vaginitis   or  urethritis  should  be  particularly 
guarded   against.     A    carefully   administered    vaginal 
injection  containing  the  sublimate  should  be  given  the 
patient.     The  sound  should  be  held  in  the  flame  of  an^ 
alcohol    lamp,    or    other    suitable    antiseptic    measures    , 
taken,  before  introduction  into  the  uterine  cavity. 

Intraulet-ine    Applications,      A    sterilized    platinum 
sound,  properly  insulated  and  fixed  solidly  in  its  han^ 
die  is  carefulU'  and  gently  introduced  into  the  uterine] 
cavity.     No  force  should  be  used.     If  the  patient  com-j 
plains  retreat  slightly,  and  again  advance  gently.     Dis-I 
placement    of   the   uterus,    atresia,    congestion    of   the] 
mucous  membrane  or  a  sinuous  path  maj'  interfere  with 
its   introduction ;    a    nervous   spasm   may  exist   which 
with  patience  is  soon  overcome.     The  negative  pole  canj 
be  applied  and  will  assist  in  effecting  an  entrance.     If 
possible  it  is  best  to  introduce  the  intrauterine  sound 
without  a  speculum.     When  the  sound  is  introduced  as 
far  as  possible,  the  sheath  is  pushed  forward   until   in 
contact  with  the  cervix. 

The  sectional  method  of  Apostoli  is  accomplished  bj 
having  a  comparatively  small  portion  of  the  electrode' 
uncovered.  One  part  of  the  endometrium  is  dealt  with,  J 
then  the  instrument  is  withdrawn  and  placed  in  contact^ 
with  the  contiguous  section.  The  onl}'  advantage  of 
the  method  is  that  a  smaller  current  is  required  to  cau- 
terize the  endometrium. 

Galvano- Puncture.     The  author  advises  this  methc 
of   opertating  to  be  left  to  the   specialist    in  g3-necc 
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logical  electro-therapy.     It  is  unnecessary,  therefore,  to 
describe  it  in  this  work. 

Intravaginal  Applications.  The  intravaginal  method 
will  be  found  eflfective  in  some  cases,  and  should  be 
tried  when  the  intrauterine  method  is  contraindicated 
or  is  not  available.  It  is  a  good  plan  to  initiate  treat- 
ment in  all  cases  by  this  method.  A  ball  electrode, 
made  of  carbon  or  other  suitable  material,  covered  with 
absorbent  cotton  and  well  moistened,  is  introduced  into 
the  vagina  and  pressed  against  the  most  prominent  part 
of  the  tumor. 

347.  Dosage.  Electric  applications  to  fibroid  tumors 
range  from  50  to  250  milliamperes.  The  author's 
experience  leads  him  to  believe  that  very  large  amper- 
age is  not  necessary.  Two  of  his  cases  3nelded  to 
intravaginal  treatment  with  an  average  dosage  of  100 
milliamperes.  In  a  case  of  interstitial  fibroid  the 
patient  had  two  seances  at  which  240  milliamperes 
were  used,  otherwise  the  average  amount  was  about  100 
milliamperes. 

Large  amperage  is  said  to  deal  the  cell  an  electric 
blow,  and  this  may  be  true.  It  is  similar  to  the  blow  of 
shock.  Not  only  are  the  more  sensitive  atoms  of  the 
cell-molecule  electrolyzed,  but  the  stable  base  is  shat- 
tered beyond  recovery.  The  resulting  ions  combining 
to  form  simpler  compounds  are  absorbed  and  elimin- 
ated. 

The  sensitiveness  of  the  patient  to  the  treatment  as 
shown  by  post  operative  reactions  will  guide  the  oper- 
ator to  safe  dosage  in  future  applications.  Rest  in  bed 
for  a  day  or  two  after  the  use  of  large  amperage  is 
advisable,  and  rest  for  a  short  period  following  all 
seances  should  be  insisted  on.  The  patient  should  be 
advised   of   post  operative  disturbance,  otherwise   she 
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may  be  discouraged  and  lose  confidence  in  the  treat- 
ment. 

Polar  Differentiation.  In  general  when  there  is 
hemorrhage,  and  the  tumor  a  fibro-myoma,  soft  in  char- 
acter, the  positive  is  indicated  as  the  active  pole ;  on  the 
other  hand  when  there  exists  a  growth  of  firm  texture, 
with  no  hemorrhage,  the  negative  is  the  better  pole. 
Again  there  are  cases  where  the  poles  can  be  used 
alternately  with  advantage,  the  one  correcting  or  pre- 
venting the  unpleasant  results  of  the  other.  The  judg- 
ment of  the  operator  should  be  such  as  to  enable  him  to 
differentiate  polar  action,  and  to  meet  the  exigencies  of 
individual  cases. 

Menorrhagia  and  Metrorrhagia 


348.  Causes.  Amongst  these  are  constipation;  defi- 
cient nutrition;  anemia  and  its  concomitants.  The 
local  causes  are  fungous  endometritis,  hj'pertrophy, 
impaired  pelvic  circulation,  lacerated  cervix,  subinvolu- 
tion, retroversion,  and  prolapsus. 

Treatment.  The  indications  are  to  regulate  the  cir- 
culation and  to  stimulate  the  nervous  system,  especially 
locally.  Galvano-cauterization  'with  positive  intrauter- 
ine application,  or  mercurial  cataphoresis  maj-  be  em- 
ployed. The  faradic  current  may  be  used  alternately 
with  galvanic  treatment  for  its  nerve  and  vascular 
eflfects.  Vaginal  faradization  or  vaginal  positive  gal- 
vanization will  sometimes  effect  a  cure  when  direct 
applications  to  the  endometrium  aggravate  the  trouble. 
A  correct  diagnosis  of  cause  being  made,  treatment 
should  be  instituted  for  its  removal. 
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Amenorrhea 

349.  The  causes  or  accompanying  conditions  are  as 
follow :  Defective  development  of  organs  of  generation ; 
premature  atrophy,  or  superinvolution ;  general  dis- 
eases, as  anemia  etc.;  sedentary  habits ;  malassimilation, 
insufficiency  of  food,  or  excessive  development  of  fat; 
psychical  disturbances  as  from  over-study,  insanity, 
grief,  anxiety.  Sometimes  the  causes  are  not  discover- 
able. 

Treatment.  Stimulate  the  pelvic  neural,  vascular, 
and  glandular  systems.  See  to  the  general  health,  and 
to  the  habits  of  the  patient. 

If  the  cause  is  general  rather  than  local,  static  elec- 
tricity is  excellent — tonic  spray  to  spine  and  abdomen ; 
or  general  electrification  may  be  sufficient. 

Abdomino-dorsal  galvanization,  thirty  to  one  hundred 
milliamperes,  or  faradization  with  strong  currents  is 
often  successful,  and  should  be  tried  in  cases  of  young 
unmarried  women  before  resorting  to  vaginal  examina- 
tion. Spinal  galvanization  up  to  twenty  milliamperes, 
and  spinal  faradization  with  currents  of  tension,  up  to 
comfortable  tolerance  are  usually  beneficial.  If  these 
are  not  successful  intrauterine  negative  applications  of 
the  galvanic  or  faradic  currents  are  indicated.  Avoid 
the  use  of  speculum  in  virgins  if  possible.  The  posi- 
tive electrode  of  the  faradic  may  be  placed  with  advan- 
tage over  the  upper  spine,  or  on  the  breasts ;  the  positive 
pole  of  the  galvanic  should  be  placed  on  the  abdomen 
or  back.  Bipolar  faradization  with  high  tension  cur- 
rents, applied  to  a  degree  approaching  tolerance,  is  an 
excellent  method  for  the  treatment  of  amenorrhea. 
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Vicarious  Menstruation 

350.  Sometimes  this  takes  place  as  blood,  and  some- 
times as  a  secretion.  It  may  come  from  the  stomach, 
lungs,  nose,  throat,  bladder,  or  anus.  It  may  indicate 
defective  development  of  the  uterus  or  ovaries.  The 
local  electric  treatment  is  the  same  as  in  amenorrhea. 

Scanty  Menstruation 

351.  Causes.  The  same  as  in  amenorrhea.  Individ- 
ual peculiarity  causes  variation  in  the  amount  and 
length  of  period.  It  is  often  associated  with  neuras- 
thenia. The  patient  may  be  heavy  or  slight  in  build. 
Often  a  hyperirritability  of  the  nerves  coexists. 

Treatrncnt.  Allay  irritability  of  nervous  system  by 
a  current  of  high  tension  with  rapid  vibration.  Attract 
blood  to  the  pelvic  organs  by  applications  of  the  gal- 
vanic current  with  the  negative  placed  over  hypogas- 
trium  and  the  positive  indifferently  ;  or  make  a  negative 
intravaginal  or  intrauterine  application  with  moderate 
dosage  of  from  ten  to  thirty  milliamperes.  Alternate 
galvanic  and  faradic  applications  are  useful.  Repeat 
two  or  three  times  a  week  during  the  intermenstrual 
period.  Bipolar  faradization,  high  tension  current,  is 
also  useful. 

Dysmenorrhea 


352.  The  following  conditions  may  coexist  or  be  tl 
cause  of  the  disturbance :  Chlorosis,  a  neurotic  constitu- 
tion; spinal  or  other  neuralgias  ;  constipation,  hepatic 
torpidity ;  stenosis  or  flexion  giving  rise  to  the  idea  of 
mechanical  obstruction ;  hyperaesthesia  of  the  endome- 
trium, especially  at  the  inner  os;  endometritis,  pararae- 
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tritis,  perimetritis;  spasm  of  the  uterine  muscle  set  up 
by  reflex  causes,  such  as  over  sensitiveness  of  the  lining 
membrane ;  or  membranous  endometritis  with  profuse 
or  scanty  menstruation.  Dysmenorrhea  may  be  com- 
plicated with  neoplasms,  pelvic  deposits,  abscesses,  etc., 
which  require  special  consideration. 

Treatment.  When  the  cause  is  non-pelvic,  whether 
constitutional  or  neural,  static  electricity,  stimulating 
or  sedative,  meets  the  indications.  High  tension  fara- 
dic  applications  have  excellent  tonic  effect.  Spinal  or 
abdomi no-dorsal  galvanization  is  sometimes  effective. 

When  the  cause  is  ovarian,  vaginal  faradization  or 
galvanization  will  often  relieve.  The  majority  of  cases 
require  intrauterine  treatment  by  the  galvanic  current, 
which  may  be  advantageously  followed  by  high  tension 
faradization. 

353.  The  following  is  a  typical  case:  Miss  B.  had 
been  menstruating  for  six  years,  during  three  of  which 
she  had  suffered  great  pain,  being  confined  to  the  house 
and  even  to  bed  for  two  or  three  days  at  each  period. 
The  flow  was  scanty. 

Abdomino-dorsal  high  tension  faradization  was  ap- 
plied three  times  a  week  for  one  month  without  im- 
provement. During  next  intermenstrual  period  intra- 
uterine negative  galvanization  was  resorted  to.  Placing 
the  positive  electrode  over  the  abdomen,  the  intrauter- 
ine electrode  was  pressed  gently  against  the  os,  which 
it  barely  entered;  then  carefully  turning  on  the  cur- 
rent it  was  gradually  raised  until  marking  ten  milliam- 
peres.  Continuing  the  pressure  the  electrode  slowly 
passed  to  the  internal  os.  At  this  point,  the  patient 
complaining  of  pain,  the  controller  was  slowly  reversed 
to  zero,  the  instrument  withdrawn,  and  a  tampon  of 
boroglycerine   inserted.     Two  days  afterwards,  at  the 
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next  sitting,  the  electrode  entered  freely  to  the  internal 
OS,  and  the  current  being  made  and  raised  gradually  to 
fifteen  milliamperes,  the  electrode  with  slight  pressure 
reached  the  fuudus. 

The  intrauterine  applications  were  made  twice  a 
week,  alternating  with  vaginal  bipolar  high  tension 
faradization,  up  to  next  menstrual  period.  Aftenvards 
irregularly  for  one  mouth  longer.  The  menses  were 
then  more  profuse  and  absolutely  without  pain. 


Sterility 

354.  Causes.  Amongst  these  are  stenosis  and  flexion 
of  the  uterine  canal,  perhaps  not  so  frequently  as  they 
are  ascribed  to  be;  abnormal  secretion  of  utero-tubal 
canal;  impairment  of  nutrition  of  the  endonietriuiu; 
ovarian  inactivity;  various  organic  pelvic  diseases,  as 
tumors,  inflammator}'  exudations,  etc. 

Treaivtent.  Electrical  abdomiiio-vaginal  applications 
will  correct  the  circulation  and  improve  the  nutrition  of 
the  parts.  The  uterine  secretion  can  be  increased  by 
negative,  or  decreased  by  the  positive  polar  intrauterine 
action,  and  at  the  same  time  altered  in  quality.  Ova- 
rian stimulation  can  be  effected  by  placing  the  negative 
pole  over  the  ovaries,  the  other  pole  indifferently. 

Negative  intrauterine  galvanic  applications,  small 
dosage — three  to  fifteen  milliamperes — -and  of  short 
duration — three  to  ten  minutes — have  been  successful 
in  a  large  number  of  cases  treated  by  the  author. 
Where  no  apparent  cause  exists  the  fault  probably  rests 
with  the  endometrium — in  osmotic  conditions  affecting 
the  nutrition  of  the  ovum.  It  is  in  this  class  of  cases 
that  intrauterine  galvanic  negative  applications,  with 
delicate   stimulation,    and   short   seances,   are   deserv- 
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ing  of  a  trial.  The  author  adopts  the  following  plan : 
The  current  is  applied  twice  a  week  for  two  or  three 
months;  then  the  applications  are  omitted  for  the 
succeeding  two  or  three  months;  then  treatment  is 
resumed,  and  so  on  in  alternation.  The  purpose  of  the 
plan  of  treatment  is  explained  to  the  patient,  she  re- 
mains under  supervision,  and  retains  the  hope  of  a 
successful  result. 

Women  that  have  borne  children  to  one  man  have 
been  barren  to  another.  Giving  full  weight  to  the  pos- 
sibility of  the  man  being  always  potent,  there  remains 
the  probability  that  there  is  an  absence  of  potential 
coefficiency  on  the  part  of  ova  and  spermat02K)a  (§  237), 
in  some  of  these  cases. 
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Sedation  and  Inhibition  of  Nerve  Action 

355.  In  considering  the  results  of  electric  stimula- 
tion of  the  pneumogastric  on  the  heart,  we  formulated 
the  conception  that  inhibition  is  caused  by  an  efferent 
impulse  through  an  afferent  nerve,  and  without  doubt 
this  concept  is  correct  as  regards  electric  stimulation  of 
the  vagi.  The  subject,  however,  broadens,  and  in- 
cludes modifications  of  the  impulses  of  a  neural  path- 
way by  extraneous  vibrations  from  by-paths ;  and  also 
the  actions  of  medicinal  agents  and  other  potentials  on 
nerve  terminals.  The  differential  actions  of  extrinsic 
potentials  on  the  nerves  have  been  already  tabulated. 
It  has  been  pointed  out  that  the  action  of  chloroform 
•on  the  endocardiac  nerve-terminals  is  identical  with 
that  produced  on  the  same  terminals  by  stimulation  of 
a  cut  pneumogastric.  It  is  the  propagation  of  nerve- 
action  from  neurone  to  neurone  in  a  pathway,  and  its 
modifications  by  vicarious  impulses  from  by-path's,  that 
is  to  be  further  considered  here. 

The  primary  considerations  are  these : 

/.  An  electro-negative  nerve  unit  when  at  rest. 
2.  A  negative  leading  off  terminal  and  a  positive 

distal  terminal  of  the  neurone  when  in  action. 
J.  A  positive  physiologic  initiatory  stimulus. 

591 


592 


ADDENDA 


§355 


4.  It  follows  that  the  application  of  a  negative 
(static)  force  to  a  nerve  terminal  is  sedative,  inhib- 
itory, or  productive  of  reverse  action. 
It  is  to  be  kept  in  mind  that  the  potential  at  a  distal 
neurone-terminal  is  static  in  character,  that  is,  the  force 
does  not  move  from  the  exciting  terminal,  except  as  a 
wave,  thus  differing  from  the  potential  of  an  electric 
current.  Also  it  is  to  be  remembered  that  each  vibra- 
tion consists  of  a  complete  polarization  and  depolariza- 
tion of  the  neuromere,  and  hence  of  the  neurone 
(§  269).  We  are  led  to  postulate:  That  in  physiologic 
action  no  neurone  has  a  negative  distal  terminal,  conse- 
quently under  normal  conditions  no  neurone  acts  on 
another  by  a  negative  potential ;  and  further,  under  the 
same  conditions,  no  neurone  exercises  au  inhibitory 
action  on  another  neurone  as  chloroform  and  other  neg- 
ative agents  do  on  nerve  terminals,  A  branch-neurone 
to  a  nerve  pathway  possibly:  (i)  May  produce  a  dis- 
turbance of  rhythm  by  the  character  of  its  vibrations, 
such  as  is  shown  by  psychic  influence  on  cardiac 
action.  (2)  It  may  have  vibratory  frequencies  which 
cannot  be  responded  to  (the  appreciation  of  the  various 
sounds  and  colors  shows  this  differentiated  capacity). 
(3)  It  may  take  possession  of  an  induced  field  of  ao 
initiatory  neuromere  (in  a  similar  manner  to  the  action 
of  high  current-frequencies)  and  thus  inhibit  the  func- 
tion of  the  neurone.  However  (4)  the  exciting  potential 
physiologically  is  always  positive  (Fig.  92). 

Nevertheless,  physiologic  units  are  capable  of  having 
positive  leading  off  points,  and  sequentially  negative 
exciting  terminals :  A  muscle  stimulated  from  its 
center  becomes  positive  at  one  end  and  negative  at  the 
other,  and  must  have  a  positive  and  a  negative  leading 
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off  point.     A  nerve  has  extra  polar  currents  in  both 
directions,  and  therefore  the  impulse  wave  travels  in 

toth  ways,  and  consequently  must  have  one  exciting 
egative  terminal. 
It  is  evident  that  pathologically  inhibition  may  take 
place  in  several  ways;     (i)  By  reverse  initiatory  action 

bs  by  electric  stimulation  of  a  vagus,  or  by  the  action 
of  chloroform  in  the  blood,  taking  possession  of  an 
initiator3'  field  such  as  the  endocardium),  thus  blocking 
the  natural  stimulus,  aud  even  propagating  a  reverse 

■ction  in  other  neurones  (Fig.  121);  (2)  by  very  rapid 
frequencies  a  vicarious  force  may  possess  the  small 
molecules  of  the  induced  field  of  the  initiatory  neuro- 
mere,  thus  causing  a  block;  (3)  a  terminalof  a  by-path 
neurone  (a  commissural  fiber)  may  block  normal  or 
produce  reverse  action  by  acting  on  tlie  adjoining 
distal  terminal  at  a  reflex  center  in  a  pathway  or  cycle, 
whilst  introducing  vicarious  action  through  an  initia- 
tory terminal,  as  iu   volitional  paralysis  with  spastic 

^uscles  (Fig.  125).  Thus  as  indicated  in  Fig,  126  the 
action  of  the  fiber,  C  A,  is  blocked,  whilst  that  of  the 
fiber,  D  A,  is  stimulated  by  the  vibrations  of  the  fiber,  b  a. 
It  is  apparent  that  a  general  formula  of  inhibition  is 
iropossible  as  the  fundamental  factors  are  different. 
Tabulation  of  the  conditions  of  stimulation  and  sedation 
of  nerve-terniinals  by  extrinsic  forces  has  been  made 
(§  159);  aud  the  differential  actions  of  one  neurone  on 
another  conform  to  this  tabulation  and  to  the  general 

C traction  and  repulsion, 
Radio-Activity 
The  following  facts  relative  to  radio-active  substances 
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were  gleaned  from  various  sources  after  this  work  had 
gone  to  press :  * 

Radium  exists  in  the  form  of  small  white  crystals,  fl 
which  may  be  crushed  into  a  white  powder  looking  like  ^ 
ordinar}'  salt.     Although  considered  a  metal,  it  has  not 
been  secured  in  the  metallic  form,  but  usually  as  a 
chloride  or  bromide.     For  convenience,  it  is  kept  in 
sealed  glass  tubes  covered  with  a  fold  of  lead  for  the 
purpose  of  protection,   as   the  concentrated   rays  are  ^ 
destructive  to  the  tissues  when  applied  for  some  time.  ■ 
The  tube  in  which  it  is  kept,  owing  to  its  radiations, 
has  a  temperature  one  and  one-half  degrees  above  that 
of  the    surrounding   atmosphere.     A   sample   of  9/10 
grain  emitted  light  sufficient  to  read  by  when  held  near 
the  printed  page. 

Professor  Curie  estimated  that  a  decigramme  of  ra- 
dium would  sufficiently  illuminate  a  square  decimeter  of 
surface  for  reading  purposes;  ora  kilogram,  a  room  thirty 
feet  square  with  a  mild  radiance.  The  light  would  be 
intensified  by  the  induction  of  screens  of  zinc  sulphide, 
the  radium  emanations  throwing  them  into  a  brilliant 
phosphorescence.  A  large  quantity  of  radium  in  a 
room  will  make  radio-active  the  walls,  furniture  and 
the  clothing  of  everyone  present.  Workers  with  the 
substance  have  the  greatest  difficulty  in  keeping  their 
instruments  free  from  radio-activity. 

Professor  Curie  demonstrated  that  radium  gives  off 
emanations  distinct  from  its  heat  and  light  radiations. 
The  radiant  matter  settling  upon  all  surrounding  ob- 
jects confers  upon  them  radio-active  properties.  Pow- 
dered zinc  sulphide  seems  to  be  the  most  responsive  to 

•  "  Radium  and  other  Radio-active  Substiinces,"  by  William  J.  Hammer. 
"  The  Wuudcrs  of  Radium,"  by  Clevelaud  MofiTdtt,  iifcClurc't  Afagdziiu, 
November,  1903, 
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the  transforming  influence.  Glass  appears  to  offer 
resistance  to  the  passage  of  the  emanatiuns,  whereas 
the  rays  of  light  and  heat  from  radium  freely  pass 
through  this  material.  Rutherford  has  shown  that 
similar  emanations  issue  from  thorium.  Rutherford 
and  Soddy  have  succeeded  in  condensing  the  radiating 
matter  at  the  temperature  of  liquid  air.  Sir  William 
Crookes  has  devised  an  instrument  which  he  has  named 
the  spinthariscope,  and  by  which  the  emanations  from 
radium  may  be  observed. 

I  The  duration  of  radio-activity  maiutained  by  other 
substances  induced  by  radium  appears  to  vary  accord- 
ing to  the  character  of  the  substance,  and  the  environing 
conditions.  M.  and  Mnie.  Curie  have  made  experi- 
ments on  copper,  aluminium,  lead,  rubber,  wax,  cellu- 
loid, paraffin  and  numerous  other  substances.  From 
these  investigations  they  arrived  at  the  following  con- 
clusions: That  all  substances  can  be  rendered  radio- 
active; and  that  the  inducted  radio-activity  is  retained 

■  longer  when  protected,  as  by  a  sealed  glass  tube.  When 
guarded  induced  activity  diminishes  one-half  in  four 
days;  when  not  guarded  it  diuiinishes  one-half  every 
twenty-eight  miuutes. 

f  Radium  changes  the  color  of  phosphorus  from  yel- 
low to  red.  When  it  is  dissolved  in  water  hydrogen  is 
thrown  off  bj-  molecular  disintegration^  but  it  is  not 
known  what  combinations  the  oxygen  forms.  Radium 
gives  a  violet  or  brownish\  tint  to  a  glass  vessel,  and 

B  the  color  remains  permanent  unless  the  glass  is  heated 
red-hot.     When  exposed  to  radium  diamonds  burst  into 

■  a  brilliant  phosphorescence,  but  upon  false  stones  there 
is  little  or  no  effect.  When  radium  is  exposed  to  a 
temperature  of  i,ooo  degrees  (Cent.),  or  when  kept  in 
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a  vacuum  for  some  time,  it  loses  its  peculiar  properties. 
After  a  lapse  of  time  it  recovers  its  full  energy. 

The  standard  of  radio-activity  is  the  original  radia- 
tions emanating  from  uranium  as  discovered  by  Bec- 
querel.  Thus  when  a  substance  is  said  to  have  a 
radio-activity  of  300,  it  means  that  in  comparison  to 
the  standard  it  is  300  times  stronger. 

Polonium  apparently  loses  its  radio-active  power. 
Elster  states  that  when  placed  in  a  vacuum  its  rays 
may  be  deviated  by  a  magnet  even  to  a  greater  extent 
than  the  rays  from  radium.  Crookes  has  demonstrated 
that  polonium  rays  do  not  pass  through  glass  as  do 
the  rays  from  radium.  They  are  also  differentiated 
from  radium  rays  in  beiug  absorbed  by  quartz  and 
mica.  The  actinium  rays  are  deviable.  Professor 
Curie  states  that  radium,  actinium  and  polonium  pos- 
sess activity  one  million  times  that  of  uranium. 

Radium  has  the  property  of  rendering  the  liquids  ^ 
of  the  eye-ball  self-luminous,  or  phosphorescent,  and  | 
when  in  this  state  they  produce  a  sensation  of  light. 
It  will  produce  this  effect  either  by  being  placed  over 
the  eye,  or  beiug  placed  over  the  temple.  This  prop- 
erty may  have  a  diagnostic  value  in  certain  diseases  of 
the  eye  by  showing  whether  or  not  the  optic  nerve 
remains  intact. 

Radium  is  destructive  to  organic  life  exposed  for 
some  time  to  its  energies.  Mice,  rabbits,  guinea-pigs 
and  other  animals  have  been  killed  by  being  exposed 
to  its  emanations  or  rays.  Probably  all  forms  of  life 
would  eventually  succumb  to  the  destructive  force  of 
radium  in  great  intensities.  In  other  instances  or- 
ganic development  has  been  arrested;  in  still  others 
the  species  has  been  modified  by  prolonged  exposure. 
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Radium  seems  to  have  the  property  of  modifying 
organic  molecules  or  cells,  and  good  results  have  been 
obtained  in  the  treatment  of  lupus  by  the  application 
of  the  ra3's.  Indiflferent  bodies  rendered  radio-aclive 
may  be  employed  in  the  treatment  of  such  cases.  It 
appears  that  under  certain  conditions  radium  possesses 
bactericidal  properties. 

I  Rutherford,  the  Curies,  Becquerel  and  others  have 
demonstrated  that  there  are  three  distinct  types  of 
rays  emanating  from  radium.  These  have  been  desig- 
nated as  "a,"  "/3,"  and  "y"  Rays. 

I  Rays  "a" — These  constitute  the  major  portion  of 
the  energy  and  have  certain  common  properties  with 
Roentgen  rays.  They  have  been  considered  as  non- 
deviable  and  have  the  property  of  producing  ionization 
of  the  gas,  observed  b}-  investigators  under  experi- 
mental conditions.  Rutherford  has  shown  that  in  a 
powerful  magnetic  field  forty-five  per  cent  of  "«^'  rays 
are  deflected.  He  states  that  all  radio-active  sub- 
stances, including  polonium,  give  out  *'a"  rays. 
I  Rays  ";3"  are  longer  and  more  penetrative  than  rays, 
"a,"  and  have  characteristics  identical  with  those  of  the 
cathode  rays.  They  are  deflected  by  a  magnet,  dis- 
charge electrified  bodies  by  ionization  of  the  elements  of 
the  air,  and  possess  the  properties  in  general  of  the 
cathode  rays.  M.  Villard  in  1899  demonstrated  that 
the  cathode  rays  are  negatively  electrified  fragments  of 
the  atoms  of  residual  gas.  They  are  supposed  by  J.  J. 
I  Thomson  to  have  a  speed  approximating  70,000  miles 
an  hour. 

Rays  "y'*  possess  the  greatest  penetrating  power, 
and  are  capable  of  producing  radio-activity  through  the 
air  at  a  distance  of  four  feet,  or  more.  Rutherford 
showed  the  relative  penetrating  power,  with  a  loss  of 


598 


ADDENDA 


355 


half  their  intensity,  of  the  different  types  of  rays  to  be 
as  follows : 

Rays  """   a  thickness  of  aluminum  of  .0005  CM. 
Rajs''^"  "  "         "  "  "    .05 

Rays^'y''  "  "  •*  "  "8. 

It  has  been  shown  that  an  object  coated  with  calcitim 
sulphide  and  exposed  to  sunlight  >vill  phosphoresce  for 
ten  hours ;  and  it  has  been  demonstrated  that  bismttth 
is  rendered  radio-active  by  the  action  of  cathode  rays. 
Either  uranium  or  a  substance  intimately  associated 
with  it  (perhaps  actinium)  is  radio-active  ;  and  thorium 
oxide  possesses  radiating  properties,  which  are  next  in 
intensity  to  those  of  radium. 

Pitchblende  or  uranite,  which  contains  the  largest 
percentage  of  radio-active  material,  is  found  in  Bohe- 
mia, Saxony,  Cornwall  England,  and  Colorado  U.  S. 
Radium,  polonium  and  actinium  are  supposed  to  be 
new  elements.  Polonium  and  actinium,  however,  have 
not  been  recovered  in  sufficient  quantities  to  give  a 
spectrum.  It  is  conceded  that  radium  is  elementary, 
and  it  is  considered  as  belonging  to  the  metallic  class, 
although  it  has  not  been  reduced  to  the  elementary 
form. 

It  is  generally  conceded  that  there  is  no  loss  of 
weight  to  the  substance  by  means  of  the  emanations, 
although  according  to  Prof.  Curie  each  gramme  of 
radium  emits  energy  to  the  extent  of  100  small  calories 
per  hour;  or  enough  to  melt  in  each  hoar  its  own 
weight  in  ice.  As  this  energy  is  carried  by  radiant 
matter  the  loss  of  material  must  be  considerable. 
Moreover  the  radiant  particles  must  be  larger  than  the 
intermolecular  spaces  of  glass,  through  which  only  the 
"y"  rays  pass. 
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What  is  the  source  of  this  energy?  This  is  the 
question  that  is  agitating  scientists,  who  admit  that  no 
satisfactory  theory  has  been  formulated.  In  discussing 
this  subject  in  a  preceding  chapter,  the  author  con- 
cluded that  the  exciting  energy  is  the  heat  or  light  of 
the  environment;  that  the  ether  is  split  up  as  in  the 
thermo-electric  cells;  that  the  terminals  of  the  radio- 
active substance  became  differential  poles ;  that  energy 
as  atomic  ether  radiates  through  the  atmosphere  and 
neutralizes  as  in  a  spark ;  that  associated  with  this  energy 
a  stream  of  sub-molecules  or  primary  condensations  is 
thrown  off  from  the  negative  pole ;  and  that  these  parti- 
cles are  charged  negatively  as  in  the  cathode  rays. 
Furthermore,  that  on  neutralization,  the  radiancies  are 
converted  into  ether  pulsations,  or  waves  of  light.  The 
conceptions  were  advanced  that  the  transforming  power 
of  radio-active  substances  resided  in  the  delicate  vibra- 
tory balance  of  the  molecule ;  and  in  the  peculiar  place- 
ment of  its  constituent  groups,  which  allows  a  positive 
group  of  units  to  be  broken  off  by  the  current,  and  thus 
become  radiant  matter. 

It  was  concluded  (§  132)  that  the  cathode  rays  are 
positive  particles  or  submolecules  charged  negatively; 
that  the  charge  neutralized  at  the  anode,  and  that  the 
cathode  particles  or  those  further  reduced  became  the 
Roentgen  rays;  and  that  the  energy  on  neutralization 
of  the  Roentgen  particles  is  transformed  into  light 
waves. 

It  appears  that  the  part  of  the  problem  to  be  now 
solved  is :  What  is  the  primary  source  of  the  radiant 
particles  or  positive  submolecules  which  enables  the 
radio-active  substance  to  preserve  its  vibratory  balance  ? 
The  author  is  fully  convinced  that  the  loss  of  one  par- 
ticle of  the  emanations,  without  compensatiag  associa- 
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tion,  would  be  destructive  to  tbe  vibratory  balance  of  a 
molecule,  aud  consequently  to  the  efficiency  of  its 
radio-activity.  Hence  it  is  apparent  that  some  inex- 
haustible source  of  supply  must  be  at  hand  from  which 
the  radio-active  substance  compensates  its  loss,  thus 
preserving  its  weight  aud  its  intensity  of  action. 

We  conclude  that  rays  "a"  are  the  charged  particles 
emanating  from  the  negative  poles;  that  on  neutraliza- 
tion of  the  charge  the  particles  become  rays  "/J";  that 
when  the  potentials  of  the  particles  are  neutralized, 
ether  is  set  free  from  their  induced  fields,  and  is  trans- 
formed into  light  waves  (rays  "7") ;  and  although 
light  and  beat  are  initiatory  stimuli,  they  are  not  the 
main  source  of  energy. 

The  conception  has  been  formulated  that  the  vacuum 
tube  is  a  world  in  itself,  and  that  the  various  degrees 
of  decrement  of  its  gas  must  be  represented  in  the  atmos- 
phere of  the  earth.  As  ascent  is  made  conditions  exist 
which  are  similar  to  the  diminishing  pressure  of  the 
tube.  If  these  conclusions  are  correct,  a  study  of  the 
various  decrements  of  the  Crookes  tube  will  enlighten 
us  as  to  the  conditions  of  the  upper  atmosphere. 

It  has  been  demonstrated  that  in  a  vacuum  tube,  a 
particle  of  matter  i,oooth  the  dimensions  of  the  hydro- 
gen atom  exists.  We  have  conceived  this  particle  or 
submolecule  to  be  identical  with  the  primary  conden- 
sation of  positive  quality,  or  as  approaching  it  in 
character;  and  have  evolved  the  law  that  when  mole- 
cules are  dissociated  by  decrement  of  pressure  the 
resultants  have  dimensions  directly  proportional  to 
their  negative  constituent  units,  and  inversely  propor- 
tional to  their  positive  units.  As  a  result  of  this  law, 
in  a  tube  of  great  decrement,  a  negative  molecule  about 
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I  the  ordinary  size  of  gaseous  molecules,  and  a  positive 
molecule  of  extreme  minuteness  exist. 
Bearing  in  mind  the  facts  associated  with,  and  the 
principles  involved  in  decrement  of  pressure  as  repre- 
sented in  a  vacuum  tube,  we  will  consider  the  conditions 
which  must  obtain  in  various  degrees  of  pressure  in 
the  air.  Provisionally  it  may  be  assumed  that  the 
atmosphere  consists  of  oxygen,  nitrogen,  and  the  other 
elements  as  given  by  chemical  analysis.  It  must  be 
kept  iu  view  that  these  elements  are  preponderautly 
electro-negative ;  that  they  repel  each  other  in  accord- 

Bance  with  the  law  of  forces;  that  they  have  intermolec- 
ular  spaces  wliich  are  induced  fields;  and  that  between 
the  induced  fields   there  are    interspaces  (§  29,  §  33, 

f  Pig.  6).  If  oxygen  molecules  are  followed  iipward  it 
will  be  seen  that  the  interspaces  and  induced  fields 
enlarge  and  that  such  increase  is  proportional  to  the 
height.  It  is  probable  that  concurrently  with  the  en- 
largement of  the  iutermolecular  spaces  the  chemic 
atoms  sever  their  connections,  evidently  this  being  a 
natural  line  of  cleavage.  Each  oxygen  atom  then 
becomes  a  molecule.  The  cleavage  of  the  oxygen 
molecules  into  two  equal  parts,  however,  does  not  alter 
the  dimensions  of  the  induced  fields  or  interspaces, 
the  sum  of  the  inductive  potentials  of  the  two  new 
molecules  is  equal  to  the  inductive  potential  of  the 
previous  molecule.  Neither  does  this  cleavage  alter 
the  character  of  oxygen,  as,  chemically  and  electrically, 
it  is  the  atom  of  ox3gen  which  acts  or  is  acted  upon. 
At  a  point  probably  beyond  a  decrement  at  which  life 
is  possible  the  oxygen  molecule  representing  the  chemic 
atom  breaks  up.  The  dissociation  will  be  into  a  very 
small  electro-positive  molecule,  and  into  one  having 
dimensions   nearly  equal  to  those  of  the  dissociating 
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molecule,  and  of  electro-negative  quality.  Each  of  the 
nascent  molecules  will  have  inductive  potentials  greater 
than  the  one  from  which  they  are  derived. 

What  becomes  of  the  nascent  molecules,  the  disinte- 
grated parts  of  the  oxygen  atom  ?  The  electro-negative 
one  will  be  in  equilibrium.  It  has  weight  but  it  cannot 
descend,  because  those  molecules  which  constitute  the 
atmosphere  beneath  are  heavier.  Moreover,  the  nega- 
tive nascent  molecule  and  those  of  the  atmosphere  are 
mutually  repellant,  being  similar  in  qualitj';  and  their 
induced  fields  are  impenetrable  to  each  other.  Fur- 
thermore, the  dimensions  of  the  negative  nascent 
molecule  are  too  great  for  occupancy  of  the  molecular 
interspaces  of  the  air.  Following  the  electro-negative 
part  of  oxygen,  or  its  type,  upwards  it  will  be  found 
that  it  dissociates  further  with  similar  results,  and  this 
dissociation  will  go  on  until  the  confines  of  the  atmos- 
phere are  reached,  where  a  condition  of  a  so-called 
vacuum  exists,  that  is,  to  the  borderland  of  the  inter- 
stellar ether.  The  elect ro-ifegative  parts  of  the  dissoci- 
ated oxygen  atom  are  in  states  of  complete  equilibration 
at  the  various  points  of  dissociation,  and  but  for  physical 
and  extrinsic  forces  may  neither  ascend  nor  descend. 

What  becomes  of  the  electro-positive  submolecule, 
the  dissociated  minute  chip  of  positive  quality  which 
forms  a  constituent  nucleus  of  the  oxygen  atom  ?  If  a 
balloon  made  of  imponderable  material  could  be  filled 
with  such  chips,  it  would  rise  even  to  the  line  that 
demarcates  the  limits  of  ponderable  matter,  just  as  a 
balloon  filled  with  hydrogen  ascends  from  the  earth's 
surface.  What  would  take  place  if  the  chemical  con- 
stituency of  the  atmosphere  is  correct  as  stated,  aad 
what  actually  takes  place  more  slowly  through  the 
evolution  of  ages,  is  descent.     Being  positive  in  the 
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quality  of  its  potential,  and  opposite  to  the  quality  of 
the  molecules  of  the  oxygen  and  nitrogen  of  the  air,  it 
is  attracted  by  the  atmospheric  mass  below.  The 
minuteness  of  its  dimensions  allows  it  to  pass  through 
the  molecular  interspaces,  or  through  the  molecular 
induced  fields  the  induction  of  which  it  neutralizes. 
Having  weight,  it  filters  downward  until  reaching  the 
earth's  surface,  and  may  even  penetrate  liquids  and 
solids. 

Thus  in  nature's  laboratory  in  the  higher  atmosphere 
minute  particles  are  generated,  and  by  filling  the  inter- 
spaces and  induced  fields  of  the  lower  strata  the}'- 
displace  the  iutermolecular  ether  which  is  imponder- 
able. They  do  not  conibiue  chemically  with  the  oxygen 
or  nitrogen,  owing  to  these  elements  being  in  equilib- 
rium, but  remain  in  the  iutermolecular  spaces  where 
they  are  not  detectable  by  known  chemical  means.  At 
the  surface  of  the  earth  they  exert  a  pressure  which, 
although  constituting  part  of  the  atmospheric  pressure, 
is  capable  of  acting  independently  of  the  latter  by 
reason  of  the  minuteness  of  the  particles  and  their 
position  in  the  interspaces.  This  fact  must  have  an 
important  bearing  on  the  association  of  the  particle 
with  the  molecules  of  radio-active  substances.  The 
submolecules  occupy  a  position  in  this  respect  distinct 
from  that  of  any  other  class  of  molecules.  They  are 
as  if  placed  in  innumerable  minute  tubes  the  walls  of 
which  are  the  ponderable  bodies  of  oxygen  and  nitrogen 
molecules,  and  the  linear  dimensions  of  which  must 
nearly  span  the  earth's  atmosphere.  Such  columns, 
although  intricately  zigzag,  must  exercise  immense 
static  pressure  when  tapped  by  the  vibrations  of  mole- 
cules in  a  radio-active  substance. 
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A  radio-active  molecule  must  possess  a  constituent 
group  of  ultimate  units  identical  to  the  electro-positive 
group  or  chip,  dissociated  by  decrement  of  atmospheric 
pressure  from  an  oxygen  or  nitrogen  atom.  This 
group  must  be  the  most  positive  of  the  constituent 
groups,  as  it  occupies  the  positive  pole  of  the  molecule 
when  polarized,  and  the  position  of  the  group  as  a  con- 
stituent uncleus  must  have  a  degree  of  stability  which 
is  overcome  by  the  negative  electric  current  which 
chips  it  off  under  polarization.  These  are  essential 
factors  to  the  possession  of  the  proparty  of  primary 
radio-activity.  It  is  clear  that  a  line  of  radio-active 
molecules  placed  in  position  to  tap  a  column  of  these 
chips — submolecules  or  primary  condensations — will  be 
in  the  position  of  an  engine  driven  by  hydrostatic 
pressure. 

There  is  no  doubt  but  there  are  many  kinds  of  chip- 
molecules.  Oxygen  will  furnish  oue  kind  at  a  certain 
decrement  of  pressure,  and  at  different  atmospheric 
heights  other  kinds  will  be  dissociated.  Similar 
results  will  he  derived  from  nitrogen.  Consequently, 
there  are  many  kinds  of  radioactive  substances.  On 
the  other  hand  the  position  of  the  chip  in  the  construc- 
tion of  the  molecule  will  give  different  degrees  of  resist- 
ances to  dissociation.  Hence  different  intensities  exist, 
and  hence  some  radio-active  substances  require  an  ini- 
tiatory stimitlus  of  light  or  heat. 

When  the  emanations  from  a  radio-active  substance 
are  passed  through  water  the  hydrogen  is  dissociated,  an 
oxide  of  the  sub-molecules  being  apparentl}-  formed. 
It  will  thus  be  seen  that  although  the  chip-molecules 
are  smaller  than  hydrogen  they  are  chemically  more 
active.  When  another  substance  is  subjected  to  a 
bombardment  of  the  emanations  the  latter  collect  on 
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the  surface  of  the  former  with  a  loose  chemical  com- 
binatiou,  hence  induced  radio-activity.  The  emana- 
tions, however,  may  enter  into  more  intimate  chemical 
union  with  substances,  altering  the  relationship  of  the 
ponderable  body  of  the  molecule  to  its  vibratory  space 
and  thus  changing  the  frequenc}'  of  the  vibrations; 
thus  phosphorus  frequencies  are  changed  from  yellow 
to  red.  These  combinations  modify  the  inductive 
potentials  and  induced  fields  of  the  molecules,  and  con- 
sequently change  the  relation  of  the  vibratory  factors, 
and  the  character  of  their  vibrations. 

I:i  a  preceding  chapter  it  was  stated  that  Roentgen 
rays  were  not  deflected  by  a  magnet,  and  this  is  correct 
as  to  ordinary  magnets.  It  appears  that  rays  ";?"  are 
deviable  by  strong  magnets,  and  Roentgen  rays  should 
be  deviable  by  strong  magnets  also.  The  intense 
potentials  of  the  particles  should  respond  to  strong 
magnetism  irrespective  of  an  electric  charge,  although 
when  charged  they  are  more  susceptible  to  deviation. 

Rays  "v"  have  the  greatest  penetrating  power  be- 
cause the  particles  of  rays  "a"  and  ''^"  are  evidently 
too  large  to  pass  through  some  iutermolecular  spaces. 
This  fact  points  to  the  particles  of  the  emanations  from 
radio-active  substances  being  larger  than  those  of 
Roentgen  rays,  the  latter  having  greater  penetrating 
power  than  cathode  rays,  and  evidently  losing  force 
when  converted  into  wave-radiations  analogous  to  those 
of  rays  "y". 

I.  H.  Van't  Hoflf,  in  1885,  demonstrated  that  when 
certain  substances  were  dissolved  in  water  they  exerted 
osmotic  pressures  equal  to  their  pressures  as  gases, 
provided  they  had  the  same  vohinie  at  the  same  tem- 
perature. Thus  a  given  volume  of  a  gas  gives  the 
same  pressure  as  that  given  by  an  equal  volume  at  an 
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equal  temperature  of  water  saturated  with  the  gas. 
Certain  compounds  however  do  not  give  the  pressures 
which  it  is  calculated  they  would  give  as  gases.  For 
instance  sodium  chloride  dissolved  in  water  has  an 
osmotic  pressure  double  the  calculated  pressure.  In 
1887  Arrheuius  showed  that  compounds  creating  ab- 
normally high  osmotic  pressure  became  conductors  of 
electricity  when  in  solution;  and  that  those  having 
normal  osmotic  pressure  do  not  conduct  electricity 
when  in  solution. 

These  are  important  facts.  When  an  element  or 
compound  is  dissolved  in  water  the  pressure  sends  it 
into  the  molecular  interspaces.  If  the  molecule  of  the 
substance  is  too  large  to  occupy  the  interspace,  and  if 
it  is  unstable  (as  chlorine),  the  pressure  dissociates  its 
molecules  into  ions  which  are  suflSciently  small  to 
enter.  Chlorine  being  negative  and  water  being  posi- 
tive, their  induced  fields  will  overlap.  Consequently 
the  chlorine  ions  do  not  interfere  with  the  placement  of 
water  molecules.  The  most  important  fact  shown  by 
the  experiments  of  Van't  Hoff  is  that  these  ions  occu- 
pying the  interspaces  ha\e  distinctive  pressure  from 
that  of  the  water.  Hence  chlorine  in  solution  main- 
tains its  pressure  as  in  a  gaseous  state.  Evideutly 
this  is  exactly  what  we  have  considered  the  submole- 
cules  or  ions  of  the  atmosphere  as  possessing  when 
their  pressure  is  brought  to  bear  on  radio-active  sub- 
stances. When  sodium  chloride  is  dissolved  in  water 
it  is  too  stable  to  be  broken  up,  and  its  molecules  too 
large  to  enter  the  interspace,  consequently  it  encroaches 
on  the  induced  fields  of  water,  which  become  more  dis- 
torted. Hence  the  elasticity  of  the  induced  fields  of 
the  water  must  be  added  to  the  calculated  pressure  of 
the  sodium  chloride,  to    the  extent  of  such  encroach- 
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ment.  A  substance  merely  occupying  the  interspaces 
leaves  too  much  intermolecular  space  to  conduct  elec- 
tricity ;  whereas  a  substance  filling  the  interspaces  and 
overlapping  or  distorting  the  induced  fields  conducts 
electricity  as  already  pointed  out  when  treating  of 
electric  conduction. 

The  conception  of  a  "vibratory  balance"  has  been 
formulated  (§  i,  §  269)  and  the  factors  of  modification 
stated.  In  Fig.  133  a  number  of  molecules  are  indi- 
cated as  possessing  ponderable  bodies  with  inductive 
potentials  and  induced  fields  qualitatively  and  quanti- 
tatively differentiated.  It  is  observable  that  silver  and 
copper  have  very  small  induced  fields  and  also  that  they 
are  the  very  best  conductors  of  electricity,  and  that 
they  are  chemically  stable.  It  is  probable  that  a 
vibratory  balance  is  best  typified  in  these  elements,  and 
as  the  metals  become  more  or  less  positive,  or  change 
the  relationship  of  the  factors  of  delicate  molecular 
equipoise,  they  offer  more  resistance  to  vibratory  stim- 
uli. The  oxygen  molecule  is  not  an  electric  conductor, 
but  oxygen  chemically  combined  with  hydrogen  (H2  O) 
has  that  property.  Further,  when  a  saline  is  added  to 
water  the  latter  becomes  a  better  electric  conductor. 
From  these  and  other  facts  it  is  evident  that  a  large 
molecular  interspace  is  detrimental  to  conduction,  and 
as  the  space  is  decreased  to  a  minimum  point  electric 
conduction  improves.  There  is  evidence  however  that 
a  further  decrease  of  the  intermolecular  space  increases 
the  resistance.  The  positive  allotropic  forms  of  sulphur 
and  selenium  are  not  as  good  conductors  as  silver,  and 
they  must  have  very  small  intermolecular  spaces. 

It  is  possible  that  the  properties  of  electric  conduc- 
tion and  radio-activity  have  some  fundamental  charac- 
teristics in  common.     Metallic  zinc  is  not  a  very  good 


6o8 


ADDENDA 


§355 


*      T      * 

N       ^    +    -^    y 


/     Tfc  +  -"r     ^ 

It         * 


V         *     t     ^         ^ 


Electric  Inductive  (primary),  and  Induced  (secondary)  Potentials— Elec- 
tric Analogues  of  Molecular  Potentials  in  Equilibrium. 


Ether  Molecule. 


Hydrogen,  2. 
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Other  Molecular  Chips  (chipchens) 


Oxygen  32. 


Sulphur  64. 


Selenium  158. 


Fig-  133- 
Showing  (liffereiitialions  in  the  molecular  mass  (indicated  by  inner  area)  rel- 
ative to  the  dimensions  of  the  molecular  induced  field  (indicated  by  outer 
area).  The  numliers  refer  to  the  molecular  weights,  or  to  the  atomic 
weights  when  the  former  are  not  ascertainable.  The  symbols  +  and  — 
in  the  ether  molecule  denote  the  eutire  constituency;  in  the  ponderable 
molecules  and  on  the  charged  bodies  they  indicate  the  quality  of  the  in- 
ductive potentials;  and  in  the  induced  fields  of  the  charged  bodies  they 
indicate  the  character  of  electric  induction.  The  dimensions  of  the 
molecular  mass  are  estimated  on  the  basis  of  molecular  weight ;  obvi- 
ously this  does  not  embrace  units  immolccularly  neutralized.  The 
dimensions  of  the  induced  field  are  directly  proportional  to  the  active 
chemic  or  inductive  potential,  but  Varies  according  to  the  material 
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Carbon  (equatorial)  24. 


Silver  107. 


Copper  6.^. 


Ziuc  64. 


Potassium  39. 


H,  SO4  98.  Zn  S  95. 


K  OH  56. 


Proteid  16,119, 


Physiologic  Unit  X. 


Radio-Active  Molecule,  showing  Position  of 
Molecular  Chip,  Negatively  Charged. 

Fig.  133  (Continued), 
within  the  field.  In  small  induced  fields  the  material  (ether)  is  con- 
stant; in  larger  fields  ponderable  matter  is  present,  and  hence  an 
inconstant  specific  inductive  capacity  obtains.  The  induced  areas  of 
hydrogen,  oxygen,  sulphur,  selenium  and  zinc  are  equal,  being  esti- 
mated as  in  a  gaseous  or  volatile  state.  If  isolated  the  chipchens 
probably  would  be  found  to  obey  Avogadro's  law.  The  radio-active 
molecule  is  shown  as  constituted  of  nuclei,  the  chip  at  the  positive 
pole  being  charged  negatively.  Attraction  between  the  chip  and  the 
electric  charge  being  greater  than  that  between  the  chip  and  the 
remainder  of  the  molecule,  the  chip  is  torn  off  by  the  current.  No 
induced  field  is  shown  in  the  radio-active  molecule,  as  its  inductive 
force  is  partially  or  wholly  neutralized  by  the  electric  charge. 
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conductor  of  electricity,  it  probably  has  little  or  no 
radio-activity;  and  its  molecales  have  large  cheniic 
activity,  inductive  capacity,  and  large  induced  fields. 
By  adding  an  atom  of  sulphur  to  an  atom  of  zinc  part  of 
the  chemic  potential,  and  the  inductive  capacity  of  the 
zinc  is  neutralized,  hence  the  induced  field  is  lessened, 
and  the  vibratory  balance  of  the  molecule  is  more  deli- 
cately adjusted.  Is  not  the  explanation  of  the  pos- 
session of  radio-activity  by  zinc  sulphide  and  other 
substances  to  be  sought  for  along  these  lines  ?  Radium 
when  subjected  to  a  high  temperature  or  placed  in 
vacuoloscs  its  peculiar  property.  That  is,  the  tempera- 
ture or  decrement  of  pressure  increases  the  dimensions 
of  its  molecular  interspaces,  destroys  its  vibratory 
balance  and  sequentially  its  radio-active  property. 
When  the  ether  escapes  from  the  iutermolecular  spaces 
its  vibrations  become  normal  and  it  resumes  radio- 
activity. 

In  Kig.  133  different  types  of  molecules  are  deline- 
ated. The  ether  molecule  is  shown  as  consisting  of 
two  ultimate  units  at  zero-potential,  with  no  induced 
field,  and  devoid  of  the  property  of  electric  conduction. 
Next  to  ether  molecules  and  the  first  in  the  molecular 
order  of  ponderable  matter  is  the  hydrogen  group, 
made  up  of  what  appears  to  be  subraolecular  condensa- 
tions as  measured  by  the  standard  of  equilibrium  at  the 
earth's  surface.  They  arc  chips  from  larger  molecules, 
and  characterized  by  small  ponderable  bodies,  large 
inductive  potentials,  and  large  induced  fields.  They 
are  of  positive  quality,  as  the  negative  molecular 
bodies  from  which  they  have  been  chipped  (with  the 
exception  of  tlie  associates  of  hydrogen)  are  found  only 
in  the  higher  atmosphere.  Prof  Thomson  has  applied 
the  term  ''corpuscle"  to  certain  members  of  this  class, 
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but  this  term  is  applied  to  the  cells  of  the  blood.  The 
author  suggests  the  term  chipchen.  The  class  probably 
consists  of  numerous  subtypes  varying  in  potentials, 
inductive  capacities  and  vibratory  frequencies.  Hydro- 
gen is  a  true  chip,  although  it  has  been  recognized  as 
a  chemical  element.  According  to  its  molecular  weight 
it  would  equilibrate  in  the  higher  atmosphere,  but  its 
size  allows  it  to  fill  the  interspaces,  and  its  quality  to 
overlap  the  induced  fields  of,  or  combine  with  larger 
electro-negative  molecules.  The  term  ion  should  be 
confined  in  its  application  to  atoms  dissociated  from 
their  chemical  combinations ;  and  the  term  chipdien  to 
the  results  of  dissociation  of  chemical  atoms.  Hydro- 
gen is  the  dividing  line  and  has  characteristics  belong- 
ing to  both  classes. 

The  negative  group  of  molecules  is  represented  by 
oxygen,  sulphur  and  selenium,  with  varying  ponderable 
bodies,  inductive  potentials,  and  induced  fields.  This 
group  is  composed  of  molecules  possessing  larger  pon- 
derable bodies  than  the  chipchens,  (i)  because  of  the 
law  of  molecular  division  as  regards  positive  and  nega- 
tive constituents;  and  (2)  because  the  smallest  electro- 
negatives  are  not  represented  at  the  earth's  surface. 
Sulphur  and  selenium  are  found  in  allotropic  forms. 
Is  not  this  property  a  manifestation  of  chemic  union 
with- chip  molecules  in  various  proportions,  and  does 
not  this  union  take  place  even  to  the  extent  of  chang- 
ing their  molecular  weights,  and  the  quality  of  their 
potential  from  negative  to  positive  ?  In  the  electro- 
negative forms  the}'  are  non-conductors  of  electricity, 
in  the  electro-positive  form  they  are  conductors.  Chem- 
ical union  may  take  place  between  sulphur  or  selenium 
and  these  minute  electro-positive  particles  until  their 
affinities  are  satisfied,  or  until  a  neutral  element  is 
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produced.     Further  chemical  association  renders  them 
electro-positive. 

Carbon  represents  the  equator,  with  passive  chemical 
potential,  with  no  inductive  potential,  and  no  icduced 
6eld,  although  its  molecular  units  are  taken  possession 
of  by  extrinsic  forces  (§  36.  §  37). 

The  types  of  positive  molecules  commence  wnth  silver 
and  copper,  with  large  ponderable  bodies,  small  active 
chemical  potentials,  small  inductive  potentials  and 
small  induced  fields.  They  approach  the  true  vibra- 
tory balance,  and  offer  slight  resistance  to  the  electric 
current.  Zinc  and  potassium  are  cheinicall3'  active 
with  larger  induced  spaces,  and  offer  more  resistance  to 
the  electric  currents. 

Compound  substances  show  types  of  molecules  of 
positive  and  negative  quality.  Two  types  are  shown  with 
large  inductive  potentials  and  with  large  induced  fields; 
whilst  zinc  sulphide  is  shown  as  a  type  of  molecules 
with  fine  vibratory  balance.  Lastly  the  proteid  tj^pe 
is  indicated  as  possessing  a  positive  inductive  potential 
and  a  large  induced  field;  whilst  the  physiologic  unit  is 
shown  with  very  large  negative  inductive  potential  and 
corresponding  induced  field.  The  construction  of  all 
molecules  is  on  the  basis  of  the  ultimate  ether  units  of 
positivity  and  negativity  indicated  by  the  signs  ^  and 
—  ill  the  etlier  molecule.  The  smaller  molecules 
(chipchens)  are  groups  of  these  units.  They  are  the 
primary  groups  of  ultimate  units.  The  next  in  size 
or  the  molecules  of  the  so-called  chemical  elements 
are  composed  of  groups  of  the  primary  groups.  The 
primary  groups  associate  and  dissociate  without  losing 
their  own  constructive  character.  Thus  oxygen  disso- 
ciates in  a  vacuum  tube:  (i)  Into  its  chemical  atoms, 
and  (2)  these  into  primary  groups.     It  is  I  he  chemic 
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atom  and  not  the  molecule  that  has  permanent  charac- 
ter. Association  takes  place  in  the  reverse  order, 
without  permanent  disturbance.  Next  the  chemical 
compounds  are  composed  of  groups  of  chemic  atoms 
and  on  dissociation  these  groups  may  be  maintained. 
Thus  H2SO4  dissociates  into  H2O  +  SO3.  In  the  do- 
main of  the  organic  molecule  a  still  more  complex  con- 
struction exists,  and  we  find  larger  groups  of  chemical 
atoms.  Thus  the  proteid  molecule  has  the  biuret,  aro- 
matic, and  other  groups,  and  these  are  broken  up  into 
smaller  groups  or  end-products.  Lastly,  the  physio- 
logic unit  with  a  complex  but  unknown  constituency 
may  be  considered  as  composed  of  positive  and  negative 
groups.  It  is  probably  the  limit  of  molecular  associa- 
tion. 

When  the  physiologic  unit  polarizes  the  polarization 
is  accompanied  by  waste-chips  or  ions  knocked  off  from 
its  molecular  poles.  When  the  proteid  dissociates  it 
chips.  Water  is  chipped  from  sulphuric  acid,  from 
glucose,  and  from  many  other  compounds.  When  the 
dissociation  of  simple  compounds,  as  water,  is  reached 
chemically  elementary  chipping  has  to  be  considered. 
The  ultimate  units  of  matter  must  be  the  ether  atoms, 
although  interchange  between  ether  and  ponderable 
matter  may  not  be  demonstrable.  The  ether  units  are 
quantitatively  and  qualitatively  definite,  and  their 
dimensions  are  unalterably  fixed  by  the  relation  of 
matter  and  force  to  space.  The  fundameatal  factor  of 
differentiation  between  units  in  the  ether  coudition  and 
units  of  equivalent  value  possessing  ponderable  proper- 
ties must  be  one  of  relative  placement  of,  or  distance 
between,  neutralizing  ultimate  quantities.  The  prop- 
erty of  radio-activity  belongs  to  certain  substances 
because   their   molecules    possess    constituent    nuclei 
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which  by  virtue  of  their  volatile  character  and  relative 
placement  are  dissociated  by  the  negative  electric  cur- 
rent, and  which  are  associated  from  a  column  of  identi- 
cal chipchens  in  the  atmosphere,  the  static  pressure  of 
the  atmospheric  column  being  the  main  factor  of  the 
energy.  The  radio-active  molecule  is  shown  (Fig.  133) 
as  positive  without  the  constituent  chipchen,  hence  the 
position  of  the  chipchen  as  a  constituent  is  maintained 
by  the  attraction  of  positives,  and  by  the  molecular  equi- 
librium of  the  radio-active  substance ;  and  hence  the 
attraction  between  the  chipchen  and  negative  electricity 
is  greater  than  that  between  the  chipchen  and  the 
other  molecular  constituents.  It  must  be  remembered 
that  there  is  a  potential  of  concentrativeness  and  a 
potential  of  diffusibility ;  that  the  former  tends  to  dis- 
sociation and  the  latter  to  association.  It  follows  that 
the  larger  groups  are  more  unstable  and  the  smaller 
are  more  permanent. 

Crystallization 


The  author  has  suggested  that  water  crystallizes  by 
association  of  molecules  reversely  placed  (§  149). 
This  theory  is  objectiouable,  as  the  emission  of  ether 
during  cooling  polarizes  the  molecules  uniformly.  It 
is  possible  that  the  molecules  of  positive  potential,  such 
as  those  of  water,  may  crystallize  by  association  of 
electro-negative  chipchens  from  oxygen,  or  by  associa- 
tion of  ions  of  oxygen  held  iu  solution.  It  is  probable 
that  oxygen  is  held  in  solution  in  water  by  each  atom 
occupying  a  molecular  interspace,  and  during  the  crys- 
tallization it  furnishes  associating  molecules  either  in 
the  ionized  state  or  by  being  further  dissociated  as 
chipchens. 
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Electric  Conduction 

Why  certain  elements  are  electric  conductors  and 
others  insulators  has  not  been  fundamentally,  and 
hence  not  satisfactorily,  explained.  If  each  of  the  dif- 
ferent elements  indicated  in  Fig.  133  filled  a  gap  in  an 
electric  circuit,  we  would  find  that  there  would  be  about 
as  many  different  results  as  there  are  elements.  To  be 
able  to  refer  the  variations  in  the  results  to  their  pri- 
mary causes  it  is  important  to  bear  in  mind  that  all 
forces  react  inversely  proportional  to  the  square  of 
distance;  and  also  that  positive  units  are  concentrative, 
that  negative  units  are  diffusible,  and  that  there  is 
attraction  between  positives  and  negatives,  as  ex- 
pressed in  Fig.  5.  If  by  the  law  of  attraction  and 
repulsion  as  formulated  (§  1)  the  multitudinous  degrees 
of  intensity  of  electric  conduction,  and  its  manifold 
phenomena  are  explainable,  conversely  the  correctness 
of  the  formularization  is  supported. 

If  the  gap  be  filled  with  ether  (a  so-called  vacuum), 
there  will  be  an  absolute  break  in  ,the  circuit.  Accord- 
ing to  the  law  of  forces  ether  is  not  a  conductor  of  elec- 
tricity, at  least  not  in  the  environment  of  other  matter. 
The  ether  units  neutralizing  by  maximum  contact 
resist  interference  as  occurring  in  electric  conduction. 

If  chipchens  be  placed  in  the  gap  they  partially 
arrange  themselves  into  two  classes,  the  negative  class 
going  to  the  positive  pole,  and  the  positive  to  the  nega- 
tive pole  of  the  circuit.  Both  of  these  are  charged,  but 
the  positive  elements  with  their  negative  charge  be- 
come the  radiant  matter,  as  manifested  in  the  cathode 
rays. 

If  the  break  in  the  circuit  is  filled  with  oxygen,  its 
molecules  are  repelled  by  the  cathode  and  attracted  by 
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the  anode,  and  under  these  conditions  radiant  matter 
should  proceed  from  the  anode.  If  oxygen  were  a  solid 
it  would  block  the  current.  Sulphur  and  selenium  are 
non-conductors  except  in  the  positive  allotropic  form. 
Here  the  question  is  raised :  What  change  occurs 
in  the  relation  of  these  elements  to  the  electric  current 
concurrently  with  their  qualitative  transformation  ? 
We  have  stated  that  the  forces  in  electric  currents  favor 
a  rapid  negative  and  a  slow  positive  movement.  When 
the  gap  is  filled  by  a  solid  element  of  negative  quality, 
such  as  sulphur,  the  potential  at  the  cathode  repels  the 
sulphur  molecule,  and  thus  there  is  a  block,  a  molecule 
cannot  be  electrically  loaded  except  by  attraction ;  at 
the  anode  the  positive  ether  unites  with  the  sulphur 
molecule,  and  if  the  latter  were  volatile  it  would  be 
carried  along  as  radiant  matter ;  but  the  concentrative- 
uess  of  positive  ether,  and  its  association  with  the 
negative  sulphur  prevent  the  positive  ether  from  being 
handed  over  to  the  next  sulphur  molecule  in  line.  As 
the  positive  ether  has  no  repelling  force,  and  as  the 
attractive  force  between  the  negative  ether  and  the 
positive  is  weakened  by  the  length  of  the  gap,  there  is 
also  a  block  at  the  anode. 

When  a  positive  element,  as  a  metal,  or  electro- 
positive sulphur,  is  placed  within  the  circuit  the  nega- 
tive ether  attracts  the  initiatory  molecule  of  the  medium, 
and,  as  repulsion  is  inherent  in  negative  ether,  the 
loaded  molecule  is  repelled,  thus  the  current  is  effected 
by  the  trapexiform  vibratory  movement ;  and  if  the  cir- 
cuit is  uuiformly  positive  the  entire  current  will  be  neg- 
ative. At  the  anode  the  initiatory  molecule  (under  cer- 
tain resistances)  may  be  positively  charged  and  then 
attracted  to  the  cathode,  but  the  current  will  be  rela- 
tively weak,  owing  to  the  absence  of  a  repulsive  force 
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How  is  it  that  positive  elements  possess  the  property 
of  conduction  in  a  different  degree  ?  When  a  strong 
chemical  element,  such  as  zinc,  forms  part  of  an  electric 
circuit,  the  negative  ether  unites  with  it  with  a  stronger 
force  than  it  does  when  a  weaker  chemical  element, 
as  copper,  forms  the  conducting  element.  Clearly  dis- 
sociation requires  a  stronger  force  with  zinc  as  a 
conductor  than  when  copper  is  the  medium.  The 
dissociating  and  propelling  force  is  the  negative  dif- 
fusibility,  and  it  is  weakened  by  zinc  having  larger 
intermolecular  spaces,  the  force  being  inversely  pro- 
portional to  the  square  of  distance.  When  a  positive 
molecule  is  charged  negatively  its  inductive  potential 
and  hence  its  induced  field  must  be  neutralized;  con- 
sequently the  elasticity  and  impenetrability  of  the  field 
are  lost.  It  follows  that  the  amount  of  electricity  car- 
ried over  by  a  vibration  must  be  directly  proportional 
to  the  inductive  potential  of  the  vibratory  molecule. 

From  these  considerations  it  may  be  formulated: 
That  electric  conduction  by  molecular  vibration  in  a 
medium  uniformly  composed  of  electro- positive  material 
is  effected  by  alternate  association  and  dissociation  be- 
tween the  conducting  molecules  and  negative  atomic 
ether ;  that  the  property  of  conduction  is  enhanced  by 
an  increase  of  the  positive  potential  of  the  conducting 
molecule  up  to  a  certain  maximum;  and  that  beyond 
this  maximum  the  property  is  depreciated  by  a  greater 
dissociating  force  being  requisite.  In  addition,  as  dur- 
ing association  neutralization  of  the  inductive  potential 
of  the  molecule,  with  a  concurrent  modification  of  the 
intermoleculir  space,  must  occur,  it  is  obvious  that  the 
larger  the  intermolecular  space  the  more  will  be  the 
molecular  relational  disturbance,  and  interference  with 
the  vibratory  adjustment.     From  these  elements  the 
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molecular  vibratory  balance  is  constructed,  the  delicate 
equipoise  of  which  is  essential  to  the  best  type  of  ai 
electric  conductor.  In  the  electric  conductor  eacff 
molecule  takes  on  and  gives  off  an  atom  of  ether  (or 
more)  with  each  vibration;  and  this  is  accomplished 
(in  metals  at  least)  without  any  permanent  change  in 
the  constitution  of  the  molecule,  although  various 
cliips  are  torn  off  from  electrodes.  In  the  radio-active 
substance  each  molecule  takes  on  and  gives  off  atomic 
ether  with  each  vibration;  but  additionally  it  also 
associates  and  dissociates  a  chip  (the  attraction  between 
the  chip  and  the  ether  being  greater  than  between  the 
chip  and  the  radio-active  molecule),  but  the  gain  is 
equal  to  the  loss  and  the  molecular  constituency  remains 
the  same.  lyike  electric  conduction,  radio-activity  must 
depend  upon  a  molecular  vibratory  balance  as  its  chief 
actor. 

Conclusions  are  inevitable :  That  we  live  in  an  atmos- 
phere of  chipchens;  that  they  are  a  factor  of  the 
atmospheric  pressure,  and  under  certain  conditions 
give  distinctive  pressure;  that  they  enter  our  respira- 
tory tracks,  maj'  remain  in  the  induced  fields  of  the 
oxygen  and  thus  circulate  in  the  blood,  and  may  have 
valuable  physiological  properties ;  that  they  euter  iuto 
various  chemical  combinations  and  modify  the  physical 
properties  of  matter;  that  they  associate  with  other 
elements  in  crystallization — the  chipchens  of  crystal- 
lization; that  they  associate  with  and  dissociate  from 
other  elements  during  radio-activity,  and  possibly  dur- 
ing magnetization  ;  that  they  constitute  radiant  matter, 
which  penetrates  the  interspaces  of  so-called  opaque 
substances,  and  may  be  the  excitants  to  the  nerves  of 
smell ;  that  as  radiant  matter  they  are  carriers  of  elec- 
tricity, and  by  chemical  union  with  non-conductors  maj' 
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render  the  latter  electric  vibratory  conductors;  that 
within  the  molecular  interspaces  they  are  relatively 
inactive,  being  in  equilibrium,  but  acquire  an  intense 
chemical  activity  in  direct  proportion  to  their  kinetic 
potentials ;  and  that  when  kinetically  and  chemically 
active,  they  have  the  property  of  potentially  and 
qualitatively  modifying  cells,  and  hence  may  have  a 
destructive  and  constructive  therapeutic  value. 
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